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The most familiar type of actinomycosis in man is that involving 






the jaw. A disease essentially like that in man is not uncommon in 






cattle and is known as “lumpy jaw.” The disease is not conta- 






gious and there appears to be little danger in contact with men or 





animals that have the infection. Nevertheless, when once acquired, 






it is very difficult to cure. It is characterized externally by swell- 






ing of the jaw and a hard board-like induration, and histologically 









by destruction of tissues with formation of granulation tissue. 






Pus, which is discharged through sinuses, contains the so-called 


‘ 






‘sulphur granules.” These are composed of cellular debris and 






fungus hyphae. The latter are arranged radially and they termi- 






nate peripherally in club-like structures which are sheaths of de- 






¥ posited material (Fic. 7). The fungus does not respect anatomical 






boundaries but spreads by slow extension of the lesion to contigu- 






ous tissues. 






In another clinical type of actinomycosis the abdominal organs 






are involved. In these cases the primary lesion is often in the 






appendix. Pulmonary actinomycosis also occurs. Meningitis and 


othe eet 






a generalized infection are rare manifestations of the disease. 






These types of actinomycosis, while clinically unlike in most re- 
All are caused by Actinomyces 






spects, have a common etiology. 





[Mycorocra for May—June (29: 273-375) was issued June 1, 1937] 
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bovis. There are, in addition, other clinical types of the disease 
caused by other species of Actinomyces. 

Actinomyces bovis is a microaerophilic species, difficult to main- 
tain in culture, where it appears as a delicate branching mycelium 
which breaks up very readily into Gram positive Bacillus-like frag- 
ments. It does not form spores and it bears little resemblance to 
those species commonly found in the soil. It probably does not 
propagate in the soil, although the assumption that it does do so 
has been a common source of error in text-book treatments of the 
subject. It has been assumed that cattle become infected while 
grazing upon grass, hay, stubble, etc., upon which the organism 
was present. It was likewise believed that men acquired the para- 
site through the bucolic habit of chewing stems of grass, straw, 
twigs, etc. 

This misconception is probably due to the perpetuation of an 
old error concerning the etiology of the disease. The organism 
was first described and named by Harz* in 1877 on the basis of 
material in infected tissue. Early attempts to obtain cultures were 
not successful, but in 1891 Bostroem* made a large number of 
cultures, in a few of which an aerobic species of Actinomyces grew. 
He believed this to be the etiologic agent of the disease, and ap- 
plied to it the name given by Harz. This fungus resembled the 
forms common in soil, and was probably a saprophyte with which 
a small number of his cultures were contaminated. In the same 
year Wolff and Israel *® planted material from actinomycosis in 
anaerobic cultures and obtained a fungus which corresponds to the 
microaerophilic species now ordinarily obtained from the disease 
and recognized as its etiologic agent. Nevertheless, many authors 
continue to attribute the disease to the aerobic form described by 
Bostroem. If his fungus, similar to the common soil forms, were 
actually the etiologic agent, it would be reasonable to look for it 
on straw and similar materials. The microaerophilic species iso- 
lated by Wolff and Israel, however, should probably be sought 
elsewhere. 

An organism which resembles the one obtained from clinical 


actinomycosis is actually present in the mouth. Lord ** in 1910 
found such a fungus in and about carious teeth and in the crypts 
of the tonsils of persons who did not have actual actinomycosis. 
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In a later paper * he reviewed this work. Lord and Trevett * re- 
cently duplicated these findings. Naeslund ® in 1931 reported find- 
ing an organism indistinguishable from A. bovis in the normal 
mouth. Both Lord and Naeslund produced experimental lesions 
in animals. 

During a study of Actinomyces? from various sources, carried 
out two years ago, a microaerophilic organism was isolated from 
tonsils. This strain resembled those from clinical actinomycosis 
and a further search for similar strains was planned and carried 
out. In the latter study tonsils were obtained from a series of 
100 consecutive tonsillectomies performed in the Presbyterian Hos- 
pital, Santurce, Puerto Rico.* These were taken to the laboratory 
and dissected. Tiny granules were found in the crypts of many 
of them. These granules were from microscopic size up to two 
or three millimeters in diameter (FIG. 1). They were cheesy in 
consistency and were made up of cellular debris and various micro- 
organisms. In 47 of the pairs of tonsils one or more granules 
were found which were in part composed of hyphae of Actino- 
myces. The fungus was identified first by examining a portion of 
the granule crushed under a cover slip. In such preparations it 
appeared as a network of hyaline interlacing filaments (Fic. 2). 
If the fungus was found the cover was slipped off and the smear 
stained by Gram’s method. The stained smear showed both long 
filaments and diphtheroid elements resulting from the fragmenta- 
tion of the hyphae. The remaining portion of a positive granule 
was used to prepare cultures. 

Cultures were made by mixing the inoculum thoroughly into 
deep unslanted tubes of melted dextrose veal infusion agar. These 
were incubated at 37° C. After 4 or 5 days they were examined 
and isolated colonies which appeared to be those of Actinomyces 
were withdrawn with sterile pipettes, part of the colony being ex- 
amined for identification and the remainder used for making sub- 
cultures (FIG. 6). 


Under reduced oxygen tension Actinomyces was observed in 
cultures made from 23 per cent of the cases, and strains were ob- 
tained in pure culture from 10 pairs of tonsils. The low per- 
centage of pure cultures is explained by the difficulty of getting 
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Fics. 1-7. Actinomyces from tonsils. 
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the fungus to grow at all, and by the preponderance of several 
other more rapidly growing microaerophilic organisms. 

In none of these tonsils was there any marked cellular reaction 
to the presence of the Actinomyces-containing granules, and in 
none was there clinical actinomycosis. These were not cases of 
actinomycosis of the tonsil. That condition has been reported in 
medical literature but it is rare. The fungus, however, seems to 
be identical with the one isolated from clinical actinomycosis. It 
resembles A. bovis in morphology (Fics. 3-5), in staining proper- 
ties, in rate of growth, and in oxygen requirements (FIG. 6). Its 
pathogenicity for animals has not yet been properly tested. Ex- 
periments so far performed with these strains of the fungus indi- 
cate that it has a low degree of virulence. In this respect, also, it 


corresponds to strains from clinical actinomycosis since it is diffi- 


cult to produce that disease experimentally in animals. Even in 
cattle where the disease occurs naturally, it is difficult to transmit 
the infection either by using cultures or by direct transfer of pus 
from an infected to a healthy animal. In this, as in some other 
mycoses, the fungus apparently requires special conditions before 
it can become established as a pathogen in animal tissue. 

These findings, and those previously reported by Lord and by 
Naeslund, indicate that many people harbor in the normal mouth 
an organism which may be carried throughout the life of the indi- 
vidual as a harmless saprophyte, but which, under appropriate cir- 
cumstances, can become a virulent pathogen. The onset of maxil- 
lary actinomycosis may follow the trauma incident to extraction 
of an infected tooth. The tonsillar granules are constantly form- 
ing in the crypts, and periodically some slip out into the throat. 
If they are swallowed, the great majority probably pass unevent- 
fully through the digestive canal. It is probable, however, that 
many cases of abdominal actinomycosis have resulted from the 
lodgement and subsequent growth in the appendix of such a 
granule. 


NATIONAL Inst. HEALTH, 
Wasurncrton, D. C. 
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EXPLANATION OF FIGURE 


Fig. 1, two tonsils, upon the surfaces of which appear several cheesy 
granules which originated in the tonsillar crypts and are made up largely 
of Actinomyces; 2, a crushed unstained granule showing the interlacing fila- 
ments of Actinomyces (X 150); 3, the branching hypha of Actinomyces 
bovis (X 900) ; 4, colonies of Actinomyces on the surface of a plate culture 
incubated anaerobically (X 150); 5, hypha of Actinomyces (oil) ; 6, colonies 
of Actinomyces growing only below the surface of dextrose veal infusion 
agar, and below a vaseline seal in chopped meat broth; 7, stained section of 
a “sulphur granule” from a case of clinical actinomycosis. 
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PHOTOTROPIC RESPONSE OF PERI- 
THECIAL NECKS IN NEUROSPORA 


Myron P. Backus 


(wiTH 3 FIGURES) 


The phenomena recorded in this note first came to the attention 
of the writer rather accidentally, in the course of some cultural 
studies on the well-known ascomycete Neurospora  sitophila. 
Plates bearing immature perithecia had been set away on a shelf 
facing a window in the laboratory. When these were examined 
some days later, ascospores were being discharged ; and in certain 
of the plates on which the arrangement of the ascocarps was pe- 
culiar, it was seen from the design of the spore deposit that the 
spores had been shot in the direction of the window. 

The unusual opportunity afforded in the heterothallic forms of 
Neurospora for localizing the development of perithecia at will, 
by utilizing the spermatiation or conidiation technique worked out 
by Dodge (2, 3), made it possible to set up an experiment demon- 
strating in a rather spectacular fashion that the perithecia are 
sensitive to light. 

Petri dishes of two per cent corn meal agar were inoculated 
with a non-conidial ‘‘ A” strain of Neurospora sitophila obtained 
originally from Dr. Dodge. After three days’ incubation the 
mycelium had grown across the plate, and thousands of minute 
sclerotial bodies (incipient perithecia) dotted the surface. From 
a fresh culture of a “ B” conidial strain a suspension of conidia 
was prepared and the suspension painted over the surface of the 
“A” cultures with a sterile camel's hair brush. Wherever the 


‘ 


spores were applied the “ sclerotial ’ bodies promptly developed 
into normal perithecia. Plates with ascocarps distributed in all 
sorts of designs were thus prepared. The cultures were set into 
a blackened box where light was admitted from one side only. In 
some instances the cultures were placed here immediately after 


conidiation, and in others as late as the onset of spore delimitation 
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in the asci. In any case once placed in position they were left un- 
disturbed until the spores had been discharged. The results were 
always fundamentally the same. It was found to be quite satis- 
factory to place the cultures in the box a day or two after co- 
nidiation, and there was no difference in the response whether 
constant illumination was supplied or whether sunlight from a 
nearby window was the only light source. 

Figures 1 and 2 illustrate the result inevitably obtained. What- 
ever the design of the perithecia on the plate, a shadow-like image 
of that design, consisting of a heavy deposit of ejected ascospores, 
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Fic. 1. Portion of a plate culture, showing perithecia of Neurospora sito- 
phila distributed in the form of letters, and the shadow-like image consisting 
of a heavy deposit of ascospores on the agar surface. Light was admitted 
to the culture from the direction indicated by the arrow. 


was formed on the surface of the agar, approximately fifteen 
millimeters from the ascocarps and in the direction of the open 
side of the blackened box. 

Examination of the cultures under a binocular microscope re- 
vealed that practically all the fruiting bodies had their necks bent 
in one direction—that from which the light came (Fic. 3). In 
cultures incubated in the dark or in a location where light reaches 
them from various directions the beaks normally grow upright or 
are oriented irregularly ; and a large proportion of the spores are 
ejected against the petri dish cover. In the tests conducted, no 
spores were found on the covers; and the relatively sharp outline 


of the spore deposit shows not only that the spores are shot dis- 
tinctly toward the light but also that the ejection force must be re- 
markably uniform in the case of all the asci. We conclude from 
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the experiments that the perithecial necks of Neurospora sitophila 
are positively phototropic. 

There have been numerous accounts of phototropic responses 
shown by fungi. In fact, there are probably no examples of 

















Fic. 2. Petri dish culture, showing essentially the same features illus- 
trated in figure 1, but with a different design of perithecia and spore de- 
posit. The arrow at the upper right indicates the direction from which the 
light came in this case. 


heliotropism in the plant kingdom more remarkable than those 
displayed by the well-known zygomycete Pilobolus. In the asco- 
mycetes interesting responses to light have been recorded in the 
case of various groups. Norton ef al. (4) reported that the 
apothecia of certain species of Sclerotinia are phototropic. Bul- 
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ler, who has worked extensively with tropisms in the fungi, points 
out that the asci of Ascobolus are positively heliotropic and men- 
tions examples in the Sordariaceae where the perithecial necks 
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Fic. 3. Drawing of four perithecia from plates similar to those shown in 
figures 1 and 2, showing the bending of the necks of the ascocarps toward 
the light, which here came from the right. 


respond by bending toward the light (1). It appears to the 
writer, however, that there is no case in the ascomycetes where it 
is possible to demonstrate phototropism more easily or more spec- 
tacularly than in Neurospora sitophila. 


DEPARTMENT OF Botany, 
UNIVERSITY OF WISCONSIN, 
Mapison, WISCONSIN 
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FIRST CANADIAN RECORD OF ALEURO- 
DISCUS SUBCRUENTATUS’* 


Mivprep K. Noses 


(WITH 7 FIGURES) 


A species of Aleurodiscus, collected by Mr. C. G. Riley, on the 
bark of living Picea glauca Voss. in Gaspé county, P. Q., on Au- 
gust 8, 1936, was identified, with the aid of Bourdot and Galzin’s 
(1927) key, as Aleurodiscus scutellatus Litsch. This determina- 
tion was verified by Dr. V. Litschauer, who very kindly examined 
a portion of the specimen. It was recognized that the fungus had 
many of the characters of Aleurodiscus subcruentatus (Berk. & 
Curt.) Burt as described by Burt (1926) and, through the kindness 
of Dr. D. H. Linder, a fragment of the type material of the latter 
species was obtained from the Farlow Herbarium. It was ex- 
amined and compared with an authentic specimen of Aleurodiscus 
scutellatus Litsch. and with the Gaspé material, and all three were 
found to be in perfect agreement in both macroscopic and micro- 
scopic characters, that is, Aleurodiscus scutellatus Litsch. is identi- 
cal with Aleurodiscus subcruentatus (Berk. & Curt.) Burt. Since 
the latter name has priority as will be shown, the Gaspé material 
has been labelled Aleurodiscus subcruentatus (Berk. & Curt.) 
Burt. It thus becomes the first record of this fungus in Canada, 
so far as the writer is aware.” 

Aleurodiscus subcruentatus has been recorded only rarely and 
from widely separated localities. The first collection, made in 


1 Contribution No. 493 from the Division of Botany, Experimental Farms 
Branch, Department of Agriculture, Ottawa, Canada. 

2 After this paper had been accepted for publication, Professor H. S. 
Jackson informed the author that two additional collections of Aleurodiscus 
subcruentatus were in the University of Toronto Herbarium. These had 
been collected by Dr. L. E. Wehmeyer, who has very kindly granted per- 
mission to include the records here. One specimen (77) was collected on 
living Picea sp., Brookside, Colchester county, Nova Scotia, July 26, 1929; 
the other (77a) was collected on a standing conifer, Salmon River, Col- 
chester county, Nova Scotia, July 14, 1931. These were identified as Aleuro- 
discus scutellatus Litsch. by M. A. Donk. 
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Japan by members of the U. S. Pacific Exploration Expedition, 
was described in 1858 by Berkeley and Curtis, who, on the basis 
of morphological characters only, named it Stereum subcruen- 
tatum. As such it was listed by Saccardo (1888, p. 567). It was 
not until after the publication of his monograph on the genus Aleu- 
rodiscus in 1918 that Burt received American gatherings of Ste- 
reum subcruentatum. He listed it among the species excluded 
from the genus Stereum, in his treatise on that group (1920), and 
there published the new combination Aleurodiscus subcruentatus 
(Berk. & Curt.) Burt, but gave no further description until his 
supplement appeared (1926). 

Meanwhile Litschauer (1926) had specimens of a species of 
Aleurodiscus from the North Tyrolean Alps and from China, and, 
finding no description of it in either American or European litera- 
ture, described it under the name Aleurodiscus scutellatus Litsch. 
The present study has shown that this is identical with Aleuro- 
discus subcruentatus (Berk. & Curt.) Burt, and since the latter 
name was published in 1920, six years earlier than Litschauer’s 
publication, Aleurodiscus subcruentatus (Berk. & Curt.) Burt has 
priority. 

Since Burt’s description is rather incomplete, and Litschauer’s 
excellent one is not readily available in America, a detailed descrip- 
tion of the fungus, based on earlier descriptions and the author’s 
observations, is given here. 


ALEURODISCUS SUBCRUENTATUS (Berk. & Curt.) Burt, Ann. Mo. 
Bot. Gard. 7: 237. 1920; Zeller, Mycologia 14: 179. 1922; 
Burt, Ann. Mo. Bot. Gard. 13: 308. 1926. 

Stereum subcruentatum Berk. & Curt. Proc. Am. Acad. 4: 123. 
1858; Sacc. Syll. Fung. 6: 567. 1888. 

Aleurodiscus scutellatus Litsch. Osterr. Botan. Zeitschr. 75: 48. 
1926; Pilat, Bull. Soc. Myc. Fr. 42: 111. 1926; Pilat, Ann. 
Myc. 24: 210. 1926; Bourdot & Galzin. Hym. Fr. 331. 
1927. 

ILLUSTRATIONS: Litschauer, Pilat (1926a). 

Type: in Farlow Herbarium. 


Fructification small, orbicular 0.2-1.5 cm. in diameter, resupinate 
with margin free and inrolled, or attached only at vertex, drying 
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Fics. 1-7. 1-3, Aleurodiscus scutellatus, after Litschauer, 1, basidia; 2, 
paraphyses; 3, spores. 4-6, Aleurodiscus subcruentatus from a collection on 
Picea sitchensis from Requa, California, collected by E. E. Hubert, com- 
municated by J. R. Weir, 9946 (Mo. Bot. Gard. Herb. 56229), identified and 
cited by Burt (1926), 4, basidia; 5, paraphyses; 6, spores. 7, Aleurodiscus 
subcruentatus from type material of Burt (Farlow Herb.), paraphyses. 
x 500. ° 
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hard and brittle, but readily soaking up to a pliable leathery tex- 
ture; upper surface cartridge-buff to Tilleul-buff (Ridgway), 
covered with short white hairs, somewhat felt-like; hymenium 
cartridge-buff to pinkish-buff, even, pulverulent; in section 400- 
1000 », somewhat colored, composed of hyphae growing out from 
the point of attachment, but becoming erect in body of sporophore ; 
hyphae mostly thick-walled, with narrow and irregular lumen, 
slightly colored and giving color to the fructification, usually in- 
crusted, 2.5-4.5 » in diameter, but with a few hyphae, especially 
near the substrate, thin-walled, occasionally nodose-septate, color- 
less, not incrusted 3—-4.5 » in diameter; paraphyses contorted, with 
wall irregularly thickened, so that outline and lumen are irregular, 
frequently thin-walled at apex, or uniformly thick-walled and 
incrusted, 4.5-7 w in diameter (Fics. 2, 5, 7) ; basidia long-clavate, 
40-60 X 12, bearing four sterigmata which are finally pointed 
and up to 16y long (Fics. 1, 4) ; spores broadly ellipsoid, flattened 
on one side, with apiculus at base of that side, thick-walled, color- 
less or slightly yellowish, contents turning blue with iodine, 


13.5-22 K 8-l6y (FiGs. 3, 6). 

Hasitat: Abies grandis Lindl.; Picea glauca Voss.; Picea 
sitchensis Carr.; Pinus montana Mill.; Pseudotsuga taxifolia Brit. ; 
Tsuga Sieboldi Carr.; undetermined coniferous tree. 

DistriBuTion : California, Oregon, U. S. A.; Gaspé county, 
P. Q., Canada; Yunnan Province, China; Japan. 

Litschauer, who examined the fungus in fresh condition, notes 
that it is waxy to fleshy, drying leathery, and that the hymenium 
is at first clear gray-green to yellow-brown at the margin, later 
becoming grayed. He also observed that the hymenial surfaces of 
larger fructifications become cracked in age. 

In conclusion the author wishes to express her sincere gratitude 
to Dr. V. Litschauer for his kindness in examining the collection 
from Gaspé, to Dr. D. H. Linder for his generosity in allowing 
her to examine the type material of Aleurodiscus subcruentatus and 
authentic material of Aleurodiscus scutellatus from the Farlow 
Herbarium, and to Dr. C. W. Dodge for specimens of Aleuro- 
discus subcruentatus from the Missouri Botanic Gardens Her- 
barium. 


Division oF Botany, 
CENTRAL EXPERIMENTAL FArM, 
OtTawa, ONTARIO 
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NOTES ON THE MYCETOZOA—I 


Rospert HAGELSTEIN 


In our travels during the season of 1936, we covered over 6,000 
miles in the search for Mycetozoa through the mountains from 
northern Maine to southern Virginia. More than 1,200 fruitings 
were found. As was to be expected, nearly all were representative 
of the more than a hundred common species ; but among the col- 
lections were many interesting phases, and more than a dozen spe- 
cies rarely found and about which little appears in the American 
literature. It is about those that I will give my impressions in the 
following notes. 

I have always admired the splendid work that the Listers, father 
and daughter, have done in the taxonomic treatment of the 
Mycetozoa, “Continued for over half a century, their researches 
with subsequent interpretations and opinions must be given the re- 
spect that they deserve. With the large amount of material from 
all parts of the world, larger than any that has passed through 
other hands, and with the knowledge gained by constant, careful, 
and competent observations, their conclusions cannot be lightly 
contradicted. I know, however, that certain species, and others 
with varieties and phases which may be said to be distinctively 
North American, have not been given sufficient consideration by 
European students; not because of their unwillingness to do so, 
but because we do not have the collectors who will get out and find 
them in necessary numbers. They are here if we look for them. 
We do not realize the immense possibilities that lie in our bound- 
less woodland, as compared with the limited collecting possibilities 
in England and other parts of Europe. 

It is with these thoughts in mind that I intend to continue ex- 
plorations, sending interesting collections to our European friends, 
and placing numbered specimens in the Herbarium of The New 
York Botanical Garden, so that the students of the future may 
also study them. 
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I deprecate the practice of publishing lists of species from par- 
ticular localities and including therein rare or unusual forms with- 
out describing the characters upon which the determinations were 
based, no matter who made them. Such omissions make the rec- 
ords valueless. Several years ago, I saw a local collection and the: 
names accompanying the specimens—which may have been in- 
tended for publication—and it was amusing to note the unusual 
names that had been attached to very ordinary species. Deter- 
minations of unusual, little known, or intermediate forms are often 
very difficult for students who have.a wide experience in material 
collected and studied, and then, like justices in a high court, the 
able jurists may not agree. 

As usual, I have been assisted in the field work by my associates 
Mr. Joseph H. Rispaud and Mr. John D. Thomas, to whom my 
gratitude is due. The plural pronoun will be used when more 


than one of us has been engaged. 


ARCYRIA FERRUGINEA Sauter. In my paper on the Long Island 
Mycetozoa (Mycologia 28: 562. 1936), I described a phase of 
this species which I regarded as Heterotrichia Gabriellae Massee, 
and which I believed then might deserve species rank. Further 
collections have been made since that paper was written, so that I 
have now about a dozen, with some more that were determined by 
other students as A. ferruginea. 

Dr. H. D. House, State Botanist at the New York State Mu- 
seum in Albany, has kindly permitted me to examine the type from 
Copake of Arcyria macrospora Peck in the Herbarium there. The 
other type specimen from Ithaca is missing. This form, proposed 
by Peck (Rep. N. Y. State Mus. 34: 43. 1881), was examined 
by Sturgis (Trans. Conn. Acad. Arts & Sci. 10: 488. 1900) who 
regarded it as A. ferruginea. There is not much left of the type 
specimen, but it is unquestionably the same as the small phase, with 
large spores, that we have found so often. The collection of Peck 
is a perfect development. The type of A. macrospora from 
Ithaca was examined by Durand (Bot. Gaz. 19: 89. 1895), 
whose clear description indicates that it is the same as the Copake 
specimen. 

Harvey (Bull. Torrey Club 24: 70. 1897) reported the collec- 
tion of Heterotrichia Gabriellae Massee at E. Auburn, Maine, in 
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November, by E. D. Merrill who resided there at the time, and 
who recently was Director of The New York Botanical Garden. 
Harvey did not describe the form, but this was done afterwards 
by Macbride (N. A. Slime-Moulds 198. 1899) and carried 
through the later editions of his book. Dr. G. W. Martin has 
courteously sent to me for examination the portion of the Mer- 
rill collection that is in his custody, and on which Macbride based 
his description. Unfortunately, this description was not quite 
correct, and it has led to misunderstanding as to the true position 
of the form. The threads of the main capillitium are not double, 
that is, slender on the inside and broad on the outside. They are 
of fairly uniform breadth. There are many bulbous thickenings 
and many free ends, all indicative of an abnormal fruiting. The 
long basal threads connecting the capillitium with the cup are about 
one-half the breadth of the threads of the main capillitium, and 
occupy a cavity at the base when the capillitium lies in the cup. 
If such a capillitium is examined without drawing out the basal 
threads, it is easy to err and believe that they are part of the main 
mass. The spores are not 7-Syp diam. The great majority meas- 
ure 9.5-11 » with many that are larger, up to 14; also a sign of 
imperfect development. In E. Auburn, Maine, the winter, or at 
least cold weather, sets in early, and the abnormal character of the 
fruiting is explained by the November period of collection. There 
is no doubt whatever that this form is the same as those mentioned 
before, only that it developed under adverse conditions. 

All preceding forms are Arcyria macrospora Peck, the first pub- 
lished name, if they are regarded as distinct from A. ferruginea. 
They may be readily distinguished from the typical phase of the 
latter by their much smaller size ; the densely aggregated habit ; the 
long basal threads; the less elastic capillitium; and the larger 
spores, 10-12, which are usually smaller in the typical phase. 
Spore size here is about the only important differential character, 
there being no marked or constant capillitial differences. Mac- 
bride has always written the spore size of A. ferruginea as 10-12 p, 
and there is nothing in his description, nor in that of the Listers, 
to imply that A. macrospora is anything but a phase of A. ferru- 
ginea, and I may add, the much more common phase in eastern 


North America. Furthermore, the variations in our personally 
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collected specimens show approaches to typical A. ferruginea in 
several collections. 

Massee’s description of Heterotrichia Gabriellae (Mon. 149. 
1892), from South Carolina, is similar to that of Macbride’s de- 
scription of the Maine form reported by Harvey. Massee men- 
tions the irregularities of the capillitium and its double character, 
and gives the spore size as 7-8, diam. Lister (Mon. 185. 
1894), after examination of the type specimen, states that the 
spore size is 10-11 », and regards it as A. ferruginea. He reports 
the numerous free ends, and the flattened, often thickened threads ; 
but says nothing about the double character of the capillitium. 
Probably Massee erred in that as he did in the spore size, and 
mistook the narrower basal threads for the inner part of the capil- 
litium. Torrend (Fl. Myx. 98. 1909) regarded Massee’s form 
as a distinct variety of A. ferruginea. Grove (Birm. Nat. Hist. 
Phil. Soc. 12: 20. 1910) reported as A. ferruginea var. Gabriel- 
lae, certain British forms that were similar to Massee’s. Dr. W. 
T. Elliott, of England, has kindly supplied me with such a speci- 
men from Groye’s collection, and found in late February, 1893. 
It is surely a cold weather development of the large, widely ex- 
panding, British phase of A. ferruginea. Many of the sporangia 
are hard and brittle; the capillitium has many free ends; and the 
spores are monstrously large, many as large as 30 diam. Lister 
(Mon. ed. 2, 234. 1911) accepted A. Gabriellae as A. ferruginea 
var. Gabriellae, following Torrend, and compared it to similar 
forms found repeatedly in the British Isles which have developed 
under unfavorable conditions. G. Lister (Mon. ed. 3, 230. 
1925) followed similarly, and cited Grove’s form together with 
Massee’s as basic for the variety. The variety is now established 
in the literature with characters founded upon the abnormal char- 
acters of forms that are believed to have developed under adverse 
circumstances. Such a variety must be abandoned, but a solu- 
tion should be proposed. From a careful study of the whole sub- 
ject, I am firmly convinced that Heterotrichia Gabriellae Massee, 
from South Carolina, is the same as all the other American forms 
referred to in the earlier part of this paper, only abnormal, and 
that the name should be regarded as synonymous with 4. ferru- 
ginea, as was done in the first edition of the Lister Monograph. 
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It is regrettable that so much confusion exists about these forms, 
and I have made an attempt to clear it by a study of all available 
material with the exception of Massee’s type specimen which is in 
England. To sum up, the conclusions are that all forms men- 
tioned herein, perfect or abnormal, with the exception of Grove’s 
specimen, represent a small phase with large spores of Arcyria 
ferruginea Sauter, and that the phase is not rare in the eastern 
United States. Grove’s specimen is eliminated as representing 
the larger, European phase. N. Y. B. G. Nos. 1136, 1350, 1463, 
1608, 1610, 1614, 1658, 3064, 3067, 3371, 3372, 6912. 


CRIBRARIA OREGANA Gilbert (Am. Jour. Bot. 19: 142. 1932). 
Dr. Gilbert has kindly furnished me with a portion of the type 
collection made in Oregon. A similar collection was made by my 
associate, Mr. Rispaud, in June of 1936, near High Point, in 
Sussex County, New Jersey, and a study and comparison of the 
two collections indicate that they are practically identical. Bas- 
ing the opinion on all characters except the spores, the nearest 
neighbor to these forms is Cribraria minutissima Schw. In that 
species, forms with rib-less cups of varying sizes, and expanded 
nodes, do occur at times. The spores, usually, are remarkably 
regular in size and shape, and measure up to 7p diam. In C. 
oregana the spores are considerably larger, and if the size and 
shape were fairly uniform throughout, there would be good rea- 
sons for confirming the validity of the species. Unfortunately 
this is not so. In the Oregon specimen about one-half of the 
sporangia examined have spores that in the main agree with Gil- 
bert’s measurement, 8-9.5, but in each sporangium there are 
spores that are 7 » or even less, in diameter. In the other half of 
the sporangia examined, the spore size is the same when globose, 
but many of the spores are irregular in shape, that is, ovoid, 
ellipsoid, or roughly angular. Exactly the same conditions pre- 
vail in the New Jersey development, and in addition, there are fre- 
quent monstrous spores up to 164 or 18diam. Irregular spores 
usually indicate abnormal development. Unless later collections 
should appear with more regular spores, I must regard the pres- 


ent ones as abnormal developments of C. minutissima. N. Y. B. 
G. Nos. 3736, 7127. 
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Didymium Sturgisii nom. nov. Proposed in place of Didym- 
ium anomalum Sturgis, as the name applied by Sturgis was already 
preempted by Massee (Mon. 245. 1892). 

Numerous plasmodiocarps of the species were found upon the 
bark of a dead aspen tree near Angels, Wayne County, Pennsyl- 
vania, in July, and permitted careful study of the characters, as 
they were in a perfect state of maturity. Similar, but smaller de- 
velopments on the same tree in June, September, and October of 
the same year, and on other trees there and at High Point, in 
Sussex County, New Jersey, indicate that the species is not rare 
in that region, and may be looked for on the proper habitat 
throughout the season. The plasmodium of the July fruitings 
was large, and breaking up, emerged through small holes or pores 
made in the bark by insects. The plasmodiocarps in most in- 
stances surround the holes, but have formed away from them occa- 
sionally. They are small, 1-10 mm. across, rounded or irregular 
in shape with little branching or netting, but sometimes perforated 
or annular. Larger plasmodiocarps were formed by the confluence 
of portions of the plasmodium emerging from different holes. 
The plasmodiocarps are thin, 1-2 mm. ; grayish white in color from 
the deposits of white, angular or stellate lime crystals on the yel- 
lowish, membranous wall; and rough, pitted or wrinkled on the 
surface. There is no columella nor capillitium unless the cal- 
careous processes and their threads are regarded as capillitium. 
The spores are violet-brown by transmitted light ; irregularly glo- 
bose ; minutely warted with some warts arranged in a few clusters 
on each spore; and measure 10-12 » diam. 

The calcareous processes between the base and upper wall con- 
sist of membranous tubes enclosing crystalline lime. They are 
firmly attached to one wall only, usually all of them to the upper 
one, but occasionally to the base or partly on each. When the 
plasmodiocarps are comparatively thick, the processes do not reach 
to the other wall and many of them are drawn to fine points or end 
in slender threads, and the other wall is almost smooth. In thinner 
plasmodiocarps they approach the opposite wall and meet there 
with short, calcareous protuberances, but are not firmly attached 
thereto. When mature and dry, the plasmodiocarps rupture along 
the edges, the upper walls curl up and separate completely from 
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the bases, and the unbroken attached processes and spores are 
exposed. The two walls may be easily separated with a needle. 
It is evident that if the walls were firmly united, there would be a 
serious obstacle to perfect dehiscence and spore dispersal. When 
the walls are separated, it will be seen that there are many short, 
slender, hyaline, threads attached to the processes, the protuber- 
ances, or the walls, and these are extensions of the membranous 
sheath surrounding the lime of the processes. They constitute a 
true capillitium, undoubtedly connecting the two walls, although 
they cannot be observed in place because of their extremely slender 
nature and the thinness of the plasmodiocarps. 

The prominent processes, which are characteristic of the species, 
lead to a first impression that it should be placed in a genus by 
itself. In other respects it is a Didymium, and in that genus we 
do have forms with parts of the capillitium thickened or expanded 
and filled with lime crystals. It will be seen from the foregoing 
that the true nature of the processes is similar. There is no sound 
reason for removing the species from the genus Didymium. N.Y. 
B. G. Nos. 3472, 3473, 3882, 3886, 3942, 3951. 


Fuico septica (L.) Weber. Noteworthy developments of an 
unusual phase of this abundant and well known species were found 
at Middleburg, in Schoharie County, New York, in late Septem- 
ber. They were on the bark of cottonwood trees, that had been 
felled in the spring and placed in two stacks as cut timber to be 
used for firewood. The stacks were on opposite sides of a creek, 
flowing through a broad valley, but in open fields and exposed to 
the summer’s sun. The developments consisted of hundreds of 
separated, pulvinate aethalia, ranging in size from 1-6 cm., with a 
few confluent and forming open or closed rings. The interesting 
feature in all is, that the usual cortex is replaced by a closely com- 
pacted, brain-like, layer of perfected sporangia, with capillitium 
and spores in each sporangium. The general color is a greenish 
white, with many of a dusky yellow or ochraceous tint, the last pro- 
duced by brown refuse particles intermingled with the lime gran- 
ules of the sporangial walls. The walls of the outer sporangia are 
pitted or mottled in appearance from scattered patches of lime 


granules on the membranous inner walls, when present, or from 
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attachments of the densely calcareous capillitia. The walls in 
many instances are clearly double; the inner, a thin, colorless, 
membrane, with the patches of lime mentioned ; the outer, a com- 
pacted shell of white lime granules, widely separated from the in- 
ner one. In many aethalia, however, the inner walls cannot be 
discerned. The capillitium consists of short threads connecting 
large, white, branching lime-knots, which are united in a dense 
mass at the center, giving a Badhamia-like appearance. The 
spores are purple-brown by transmitted light and darker than usual 
in F. septica, distinctly warted, and mostly 9-12 » diam. Some are 
smaller, a few larger, and they vary in different aethalia. The in- 
ner sporangia of the aethalia are similar to those in normal F. sep- 
tica, twisted and anastomosing, with the peridial walls broken 
down. Several of the smaller aethalia with similar outside per- 
fected sporangia, have thick, black stalks, in height about the size 
of the aethalia; others have membranous stalks, an elongation of 
the yellow hypothallus. These aethalia were on the under sur- 
faces of the logs. . 

I am regarding these forms as closer to F. septica than to Fuligo 
cinerea (Schw.) Morg., although showing resemblance to the lat- 
ter in the larger, darker spores, and the more robust capillitium. 
Similar forms are included in the Lister description of F. septica, 
and the note thereto, but are probably rarely met with, otherwise 
more attention would have been given to them by other authors. 
They may have developed under unusual conditions which are not 
clearly ascertainable by the ecological surroundings of the Middle- 
burg wood stacks, and the same conditions may have affected the 
fruitings of Stemonitis splendens Rost., on the same wood and at 
the same time, and referred to later in this paper. 

Associated with /*. septica, also, were a dozen or more aethalia 
of Mucilago spongiosa (Leyss.) Morg. var. solida. These are 
compact, pulvinate or subglobose, measure from 2-6 cm. across, 
and resemble /’. septica var. candida in superficial appearance. 
The cortex is firm and composed of rather large crystalline masses 
of white lime ; the spores are darker than those of the Fuligo speci- 
mens, strongly marked with scattered: spines which may be seen 
on the edges, and more regular in size, 10-lly. The scanty 


capillitium has no lime-knots. While crystalline lime may occur 
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occasionally in F. septica, the long, irregular, membranous proc- 
esses which are present in some of the aethalia are characteristic 
of M. spongiosa. N.Y. B. G. Nos. 3674-3683, 3782-3788. 


HEMITRICHIA ABIETINA (Wigand) Lister. A small gathering 
of this rarely collected species was made in Pike County, Penn- 
sylvania, in October. The sporangia are small, about 0.5 mm., and 
on very short stalks that are filled with spore-like cells. The thin, 

_membranous wall is evanescent above, persisting below as a rather 

deep calyculus. The netted capillitium has two or three left- 
handed spiral bands, sometimes varying within the same sporan- 
gium. The spores measure about 10» diam. The collection is 
typical, agreeing with the Lister description and figures; and so 
is another that I have here, and which was collected by Prof. 
Thaxter, in Massachusetts, in 1885. Macbride & Martin restrict 
the spirals on the capillitium to one or two, and make no mention 
of stalked forms, although one is depicted in their figure. They 
also prefer the use of Persoon’s Trichia ovata as the basic name for 
the species, following Macbride since 1899. The question as to 
which form Persoon intended to cover by that name is at least de- 
batable. It is useless to waste time aid argue over what somebody 
meant in the eighteenth century, unless it is clearly intelligible ; 
and it is far better to adopt a later name with which all are in 
agreement that it represents the present form. Wigand’s name 
does that and is here accepted. N. Y.'B. G. No. 3911. 

LycoGaLA conicum Pers. A collection of this rare species, 
consisting of between 40 and 50 aethalia, was made in September 
at the Cascades, near Mountain Lake, Virginia, in dense forest at 
an altitude of about 3,500 feet. The aethalia are small, about 
1 mm. in size, subglobose with a tendency here and there to assume 
ellipsoid or conical shapes, and on broad bases. The color of the 
thin cortex is yellowish-brown, and covered with prominent, ex- 
tended, branching or reticulated, brown, vesicles or thickenings. 
The form was associated on the same wood with Lycogala exiguum 
Morg., but the two in conjunction are readily separated. L. ex- 
iguum is larger in size, and the similarly colored peridium is thickly 
sprinkled with coarse, black warts between which are clusters of 


smaller thickenings, and which give a black appearance to the 
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whole. The same features are found in all collections of L. 
exiguum that we have made. The Listers regard the latter as a 
variety of Lycogala epidendrum (L.) Fries, but from a study of 
the two associated species, I am inclined to believe that it is more 
closely related to L. conicum. There are hardly any differences in 
the microscopic characters between the two smaller species. N. Y. 
B. G. Nos. 3696, 3699. 


PERICHAENA MARGINATA Schw. Sussex County, New Jersey, 
and the Pocono Mountains in Pennsylvania, on the other side of 
the Delaware River, are regions in which Perichaena corticalis 
(Batsch) Rost. and its many phases may be found in abundance. 
In September, we collected in Wayne County, Pennsylvania, a 
perfect, typical, and fairly large fruiting of P. marginata. The 
walls of the sporangia are densely coated with small granules and 
flattened, lanceolate crystals of lime. Sometimes the coating is 
also on the inside of the wall, and extends to the hypothallus mak- 
ing that appear white. A hypothallus is often present in P. corti- 
callis, and the presence of lime in it is of no more significance than 
it is in the wall. Otherwise there are no differences between the 
two forms. 

P. corticalis, as well as Perichaena depressa Lib., is often found 
with lime crystals or granules in or on the walls in greater or lesser 
number. This should always be mentioned in descriptions of the 
two species. In P. marginata the lime is present in greater quan- 
tity, but this is hardly a good reason for maintaining it as a distinct 
species. A variable character such as the amount of lime or refuse 
matter in the wall should not be considered as of specific impor- 
tance. P. marginata is merely a phase of P. corticalis, and no 
more a species than similar phases in P. depressa or Trichia con- 
torta (Ditmar) Rost. Furthermore, our collection has several 
groups of limeless sporangia—normal P. corticalis—among those 
that are coated with lime. N. Y. B. G. No. 3877. 


PERICHAENA QUADRATA Macbr. This is no more than one of 
the phases of Perichaena depressa Lib. It may be found in almost 
any large, wide spreading fruiting of P. depressa, when the plas- 
modium breaks up and produces numerous small developments 
with few that are alike. We have one large fruiting of this kind 











402 Mycotoatia, Vor. 29, 1937 


from Long Island, New York, which has many colonies of several 
phases from the large, flattened, typical, sporangia with lids, to 
the small, crowded, polygonal phase of P. quadrata. The spo- 
rangia of the latter are convex or flattened, and sometimes sepa- 
rated, but retaining the polygonal shape. Some of the colonies 
have as many as a hundred or more of the smaller sporangia. We 
have other similar collections, and also fruitings where the phase 
is not associated with other phases. The fact that colonies with 
uniform sporangia throughout are often found is of little signifi- 
cance, as P. depressa usually forms small developments of uniform 
sporangia, but many colonies differ in size, shape, or color of the 
sporangia, or in the presence or absence of lime. Slight differences 
in microscopic characters are also of no importance, as they occur 
in any fruiting with different phases. P. quadrata is not a species, 
and should be regarded as synonymous with P. depressa. 

Forms that approach various phases of P. depressa are occa- 
sionally found in large fruitings of Perichaena corticalis (Batsch) 
Rost., when, of course, their affinity is seen. When separated, 
however, the relationship is often uncertain, although a careful 
study of spore and capillitial characters may establish it. They, 
and some of the rounded phases of P. depressa, are intermediate 
between typical forms of the two species, approaching either, as 
the case may be. Many specimens in the Herbarium of The New 
York Botanical Garden. 


PHYSARUM OBLATUM Macbr. The species deserves attention, 
as its position and relations to other species are so confusing that 
the student finds it difficult to understand them. It was proposed 
by Macbride in 1893. In the first edition of the North American 
Slime-Moulds, he changed his opinion and regarded it as a phase 
of Physarum auriscalpium Cooke, at the same time treating Crate- 
rium Maydis, proposed by Morgan in 1896, as a separate species. 
This last form was removed later by Torrend to the genus Physa- 
rum where it belongs. In the second edition of his book, Macbride 
reéstablished P. oblatum as a species, and placed Physarum Maydis 
(Morg.) Torr. as synonymous therewith. The same position was 
retained by Macbride & Martin in the Myxomycetes, 1934. The 


Listers have consistently regarded P. oblatum as a phase of P. 
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auriscalpium, although in the last edition of the Monograph, the 
former is cited as partially synonymous with P. Maydis, which is 
regarded as a species. 

Macbride’s form is common on dead wood throughout the moun- 
tainous regions of the eastern United States, and we have collected 
it on many occasions. Morgan’s form on herbaceous stalks has 
also been collected, and aside from the different habitat, and that 
it is not as robust as the other, there is nothing to distinguish the 
two. The forms, in my opinion, are the same and Macbride’s 
name has priority. If one is regarded as a phase of P. auriscal- 
pium the other should also be, and while there are circumstances 
that seem to indicate this for both, I am not convinced enough to 
support such a theory at the present time. 

All of the forms mentioned are often alike in all characters but 
the length of the stalks. They vary considerably in the color of 
the lime, inside and outside of the sporangia, which may be yellow, 
orange, or orange and white, or white throughout. P. oblatum 
usually has long stalks, often twice or more the diameter of the 
sporangia, but may have shorter ones. P. auriscalpium is usually 
sessile, but frequently has stalks as long as the diameter of the 
sporangia. They both form small colonies of sporangia, less than 
an inch across, but usually several or many are found on one dead 
tree or other habitat, with wide variation among them. When 
such a series is found with sessile sporangia and some stalked ones, 
it is regarded here,as P. auriscalpium. When the sporangia are 
all stalked, with stalks of different lengths, it is regarded as P. 
oblatum. We have collected several such series representing each 
species, and when I take a portion of one species with stalks of 
a certain length, and compare it with a portion of the other with 
stalks of the same size, the determination of each species is pure 
guess-work. The fact is that P. auriscalpium and P. oblatum are 
practically alike in certain phases, and are then indistinguishable 
unless the field conditions are known. 

P. auriscalpium at times forms short plasmodiocarps or Bad- 
hamia-like capillitial lime. When these are combined, and the 
color is yellow, it is difficult to distinguish the form from Badhamia 
decipiens (Curtis) Berk. When the color is white throughout, 
and the lime is heavy, it may be confused with certain white forms 
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of Badhamia. P. auriscalpium is also said to approach Physarum 
rubiginosum Fries, but our collections of the latter are generally 
typical, and the form is not common in our territory. Many speci- 
mens in the Herbarium of The New York Botanical Garden. 


Prysarum ovisporum G. Lister. On various occasions during 
the summer of 1936, we have found in all about 7 or 8 develop- 
ments of a certain Physarum, in a small kettle hole in the foothills 
of the terminal moraine about two miles north of Mineola, Long 
Island, New York. All the fruitings were on twigs, small sticks, 
or leaves, and are identical. They consist of scattered, white, ses- 
sile, pulvinate, or subglobose sporangia, 0.15-0.5 mm. diam., or 
short, elongated plasmodiocarps. At the bases the sporangia are 
generally contracted, and the walls there are dark or iridescent and 
free from lime. Above, the wall is covered with deposits of white 
lime granules, thickened in patches, and with smoother areas, or 
areas almost free from lime between the patches. The capillitium 
consists of large, angular, branching, lime-knots, enclosing lime 
granules about | » diam., and connected by hyaline threads without 
lime, which are about the length of the lime-knots. The capil- 
litium in many instances appears almost Badhamia-like. The 
spores are both globose and ovoid in every sporangium, the ovoid 
spores predominating, and measure about 9.5 for the globose 
ones, and 9 X 11» to 10 & 124 for the ovoid ones. The color is 
purple-brown ; they are minutely warted ; and a pale, smooth, sinu- 
ous dehiscence line is visible on some of the spores. 

These forms agree with the description and figures of P. ovi- 
Sporum, except in the small size of the sporangia, and the angular, 
branching lime-knots, which are rounded in the typical form. The 
diversity in size among the sporangia is a noticeable feature, and, 
with the rough walls, they do not look like the usually smooth, 
evenly sized sporangia of Badhamia ovispora Racib. The rather 
long threads connecting the lime-knots place them in the genus 
Physarum, and as in many species of that genus the lime-knots 
may be either rounded or angular, the differences are not sufficient 
to regard our collections as other than P. ovisporum. The species 
has a limited geographical range, so far as known, and has not 


been reported from North America heretofore, so that phases 
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here are not understood. Later collections may indicate a closer 
resemblance to the typical European form. N. Y. B. G. Nos. 
1892, 1893, 1897. 


STEMONITIS SPLENDENS Rost. Many developments of the vari- 
eties Webberi and flaccida of this species were found upon the logs 
of the same wood piles described under Fuligo septica. Probably 
a hundred in all, ranging from 1-4 cm. in size, with a few larger. 
In some of them the collumellae are straight and stiff; in others 
weak, twisted, or bent, so that the sporangia are inclined. The 
capillitia are poorly developed, often without a surface net, again 
with a coarse net of wide meshes. Sometimes the surface net con- 
sists of smaller meshes and approaches the net of typical S. splen- 
dens, but typical forms with perfect capillitia appear to be absent. 
The variations occur often in the same cluster. The spores are the 
same as those of normal S. splendens. 

The forms have been regarded as two distinct species, Stemoni- 
tis Webberi Rex, and Comatricha flaccida (Lister) Morg. One is 
enough, and that should be S. Webberi, if there are reasons for 
doing so, as the merging of the forms shown in our collections has 
also been noted by others. However, the forms are clearly erratic 
or poorly developed phases of S. splendens, and collections of the 
latter often show an intermediate position between them and _ so- 
called S. Webberi. The association of our specimens with unusual 
phases of Fuligo septica would indicate that unknown factors were 
present to influence ‘both species during the period of the activity 
of the plasmodia, or at the time of fructification. N. Y. B. G. 
Nos. 3670-3673. 


TRICHIA CASCADENSIs Gilbert (Am. Jour. Bot. 19: 145. 1932). 
The species is based upon a collection from Oregon. We have a 
small, perfectly matured collection made at Tarratine, Somerset 
County, Maine, in August, which consists of large, scattered, ses- 
sile sporangia and elongated plasmodiocarps ranging from 1-2 mm. 
in size. The wall is single, dark purple on both sides—appearing 
almost black—and charged with dark granular matter. The 
elaters of the capillitium are regularly and evenly wound like a 
left-handed screw with spirals 7-8 » in breadth, and winding to the 
ends which are rounded, with occasionally a short acuminate- 
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rostrate point. The small warts are present along the spirals, 
although not as prominently as Gilbert figures, and the longitudinal 
lines showing the core are clearly evident. The spores, by trans- 
mitted light, are pale yellow, irregularly globose to ovoid, minutely 
spinulose, and measure 14-17 p» diam. 

This form is dangerously close to Trichia alpina (R. E. Fries) 
Meylan notwithstanding the absence of the inner wall. I have 
often found in collections of erratic phases of certain species, that 
the inner wall is indistinguishable or missing, although known to 
be present in typical examples. The capillitial differences are of 
little significance by themselves, as one or more of them are often 
present in phases of Trichia contorta (Ditmar) Rost. or its vari- 
eties, a species allied to T. alpina and also to the present form. T. 
contorta is a very variable species, and its numerous variations, 
named and not named, are found abundantly in the eastern United 
States.. A wide experience in their collection has taught me to 
place little reliance upon the constancy of the many phases. If the 
combination of characters assigned to T. cascadensis should be 
found constant in further collections—and the Maine gathering 
partly confirms this—the species may be well established; other- 
wise it should be regarded as an erratic phase of T. alpina or T. 
contorta, in my opinion closer to T. alpina. N.Y. B.G. No. 3495. 

TRICHIA CONTORTA (Ditmar) Rost. The species is abundant 
throughout the states in which we have been, in fact one of the 
common forms. It is very variable, producing phases some of 
which are regarded as varieties or even as distinct species. A 
close study of many collections, among which we have specimens 
that overlap in the characters ascribed to these varieties or species, 
convinces me that they are not species, and that the matter of 
retaining them as varieties is questionable. If the practice of 
recognizing more and more varieties is continued, it will not be 
long before we will be in the position that we were in before the 
days of Rostafinski, when everything that looked different was a 
species ; only later, everything will be a variety. It would be bet- 
ter to broaden the descriptions of many species so as to include all 
or most of the phases, just as has been done with others, notably 


Didymium squamulosum (Alb. & Schw.) Fries. 
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The typical phase of T. contorta has capillitial elaters that are 
uneven, and on which the spirals are irregularly wound or often 
faint. We have collected a curious form at Mountain Lake, Vir- 
ginia, at an altitude of 4,100 feet, which has no capillitium. In 
place thereof are a number of dark, spore-like bodies, some of 
which have short extensions or processes, as many as three, with 
faint spirals. One very short, free, elater was observed. 

Var. inconspicua, or Trichia inconspicua Rost. as it is also re- 
garded, has even elaters and the spirals wind regularly. However, 
there are all sorts of intermediate degrees between it and the typi- 
cal phase, and sometimes they are in the same colony. The elater 
terminals are also variable, but not confined or constant to one 
phase. The differences are no more than varietal—if they are that 





and are not sufficient to regard it as a distinct species. The 
phase is more often collected in the eastern states than all other 
phases of T. contorta combined, and undoubtedly represents the 
highest development of the species. 

Var. iowensis, or Trichia iowensis Macbr., has long spines on 
the elaters. Macbride described it as having spiral bands unevenly 
distributed, which means as in the typical form. The Listers, who 
regard the phase as var. iowensis, say the elaters are as in var. in- 
conspicua, which means regularly wound. We have collected a 
form in Maine that fits Macbride’s description with irregular 
spirals; others from New Hampshire and New Jersey have regu- 
lar spirals as the Listers say; and a fourth from Maine has gray 
sporangia, densely coated with lime deposits, and the elaters of 
var. inconspicua. All in one season and with long spines on the 
elaters. Lime covered forms have been reported before, and oc- 
cur often in two species of Perichaena. They are not regarded as 
of specific importance in T. contorta, and should not be in Peri- 
chaena. Spines on three of the phases of T. contorta show that 
they are not even of varietal value, and that the description should 
be altered to cover them, with the elimination of iowensis as a spe- 
cies or variety name. Many specimens in the Herbarium of The 
New York Botanical Garden. 


Tue New York BotanicaL GARDEN 











OBSERVATIONS ON THE COMPARATIVE 
MORPHOLOGY AND TAXONOMIC RE- 
LATIONSHIPS OF CERTAIN GRASS 
SMUTS IN WESTERN NORTH 
AMERICA ° 


GeorcGe W. FIscHER 2 


(witH 18 FIGURES) 


Smut diseases of various species of barley grasses (Hordeum 
spp.), brome grasses (Bromus spp.), and wheat grasses (Agro- 
pyron spp.) are common in the northwestern United States and in 
western Canada. Inasmuch as these grasses are of importance 
for range and forage purposes, severe smut infestations un- 
doubtedly account for significant Josses, both in feed value and 
seed production. Therefore, from an economic point of view, a 
thorough knowledge of the fundamental nature of the organisms 
which cause these smuts is highly desirable. Unfortunately very 
little of this type of information is available. As a preliminary to 
extensive investigations on this subject detailed observations re- 
garding certain taxonomic phases of the grass smut fungi have 
been made and are herein reported. 


SMUT OF BARLEY GRASSES, HoRDEUM SPP. 


Ustilago Lorentziana Thum. is the smut most commonly found 
on barley grasses in the Northwest, especially on Hordeum 
nodosum L. and H. jubatum L. Clinton (3) lists H. caespitosum 
Scribn., H. jubatum, H. maritimum With. (H. marinum Huds.), 
H. murinum L., H. nodosum, and H. pusillum Nutt. as hosts to 


1 Grass disease investigations of the Division of Forage Crops and Dis- 
eases, Bureau of Plant Industry, U. S. Department of Agriculture, in co- 
operation with the Soil Conservation Service, Section of Nurseries, and the 
Divisions of Plant Pathology and Agronomy of the Washington State Col- 
lege Agricultural Experiment Station. 

2 Associate Pathologist, Division of Forage Crops and Diseases, Bureau 
of Plant Industry, U. S. Department of Agriculture. 
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this smut in the United States. Lefebvre and Johnston (8) re- 
cently reported H. gussoneanum Parl. as a host. The following 
description of U. lorentziana is taken from Clinton (3) : 


Sori in spikelets, usually infecting all of a spike, rather completely de- 
stroying their parts except the awns, protected at first by a thin transparent 
membrane which easily ruptures disclosing a dusty purple-black spore-mass ; 
spores rather dark olive-brown, ovoid to spherical or sometimes with more 
irregular and angular forms, with a brittle epispore that breaks up into more 
or less irregular granules or minute verruculations, chiefly 7-12 # in length. 


The writer’s collections do not differ essentially from this de- 
scription. Figure 3 shows the typical appearance of the smut on 
Hordeum nodosum. <A photomicrograph of the spores may be 
found in figure 14. 

It is not intended to present here the results of inoculation ex- 
periments with these smut fungi, this being reserved for a later 
paper, yet it should be pointed out that inoculation experiments 
with other grasses have shown the susceptibility of Elymus striatus 
Willd. to Ustilago Lorentziana. It cannot be said, therefore, that 
this smut is confined to the genus Hordeum. 


SMUT OF BROME GRASSES, BROMUS SPP. 


A very common smut on brome grasses has been described as 
Ustilago bromivora (Tul.) Fisch. von Waldh. Clinton (3) lists 
the following species of Bromus as hosts in the U. S.: Bromus 
arvensis L., B. breviaristatus Buckl., B. ciliatus L., B. Hookeriaiius 
Thurb. (B. carinatus Hook. and Arn.), B. hordeaceus L. (B. 
mollis L..), B. hordeacus glabrescens Shear (B. racemosus L.), B. 
Kalmii A. Gray, B. marginatus Nees., B. polyanthus Scribn., B. 
pumpellianus Scribn., B. racemosus L., B. Richardsoni Link. (B. 
ciliatus), B. secalinus L., B. vulgaris (Hook.) Shear, B. vulgaris 
eximius Shear. Garret (7) in 1921, and Zundel (16) in 1921 
added B. tectorum L. to the list, the latter writer stating that the 
smut on this host was occurring in epiphytotic form in Box Elder 
County, Utah. 

Clinton (3) describes Ustilago bromivora as follows: 


Sori in spikelets, usually infecting only the parts within the glumes but 
sometimes also destroying the base of these, often at first agglutinated but 
finally becoming dusty; spores usually dark reddish-brown, chiefly ovoid to 
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Fics. 1-3. 1, Characteristic appearance of Ustilago bullata on slender 
wheat grass, Agropyron pauciflorum; 2, ibid., on crested wheat grass A. cris- 
tatum; 3, Ustilago Lorentzsiana on Hordeum nodosum. Nat. size. 
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spherical but occasionally polyhedral or irregular, sometimes apparently 
smooth or only granular, but usually abundantly and minutely granular- 
verruculose, 7-11 “, rarely 144, in length. 

A smut, with larger (“11-17”), more irregular spores, is 
listed on Bromus ciliatus by Clinton (3) and on B. tectorum by 
Zundel (15), under the name Ustilago bromivora var. macrospora 
Farl. Concerning this variety, Pammel ef al. (13) state that “ the 
Ustilago bromivora, Fisch. de Wald. is apparently the variety 
macrospora of Farlow.” 

In the Pacific Northwest Ustilago bromivora occurs most 
abundantly on Bromus tectorum, and areas are common in which 
this grass is 90-95 per cent infected. The smut is less common, 
although by no means rare, on B. marginatus, B. polyanthus, and 
B. mollis. ; 

During the past two years the writer has made extensive collec- 
tions of Ustilago bromivora and has had several collections sent to 
him. These collections established several species of Bromus as 
apparently heretofore unreported hosts in the U. S. The data 
concerning these are presented in Table 1. 


SMUT OF WHEAT GRASSES, AGROPYRON SPP. 


The predominant smut on Agropyron in the Northwest and es- 
pecially on slender wheat grass, A. paucifiorum (Schwein.) Hitche., 
is one that has received attention in Canada under the name of 
Ustilago bromivorg by Padwick and Henry (12) and Fraser and 
Scott (6). In general appearance the affected spikes are very 
similar to barley spikes affected with U. Hordci (Pers.) K. and S. 
(Fic. 1). The spores are scarcely distinguishable from those of 
Ustilago bromivora, which fact led Fraser and Scott (6) to as- 
sign the smut to this species. Their description of this smut on 
“western rye grass’ (slender wheat grass) follows: 


The smut attacks the spikelets, destroying the ovaries and usually the bases 
of the glumes, although frequently the outer glumes are not affected. The 
sori are large, irregular, rather firm at first, but finally dusty. The spore 
mass is dark brown to black in color. Usually all the spikelets are affected, 
but sometimes only the upper ones are smutted. The spores are usually 
spherical, sometimes oval, dark brown, finely verrucose, and mostly 8-11 # 
in diameter, averaging 9.24. The spores germinate readily in 5 per cent 
sugar solution and less freely in water. Sporidia are produced in sugar 
solution in a few hours. 
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Mourashkinsky, in Russia (11), reported a smut of “ American 
rye grass” (slender wheat grass) having symptoms and mor- 
phology identical with those of the smut of this host as described 
by Fraser and Scott (6) in Canada, and considered it to be the 
same disease. However, considering that Liro (9) had shown 
that certain races of Ustilago bromivora are very closely special- 
ized to a few Bromus spp., Mourashkinsky believed that the smut 
on Agropyron could better be assigned to U. bullata Berk. 

U. bullata was originally described on Agropyron scabrum 
Beauv. from New Zealand by Berkeley (1) in 1855, but the fol- 
lowing description is taken from McAlpine (10) : 


Sori produced in the inflorescence and destroying it, at first enclosed in a 
greyish or leaden-coloured membrane which is soon ruptured, exposing the 
dark-brown to black compact mass of spores, sometimes only attacking a 
portion of the spikelets. Spores globose to subglobose or ellipsoid, olive- 
brown, densely warted, 8-11 4 in diam. or 10-12 X 7-8 #, occasionally reach- 
ing a length of 144. 


A specimen on Agropyron scabrum collected and determined in 
November, 1934 by C. C. Brittlebank in Australia as U. bullata, 
has been received from Dr. George Zundel, Pennsylvania State 
College. An examination of this material, especially micro- 
scopically, showed that it was indistinguishable from the smut so 
common in the Pacific Northwest and Western Canada on Agro- 
pyron pauciflorum. Considering this, the latter smut could well 
be assigned to Ustilayo bullata. 

Fraser and Scott (6) found that Agropyron dasystachyum 
(Hook.) Scribn. and A. Richardsoni Schrad. (A. subsecundum 
(Link) Hitche.) were also susceptible to this smut of slender 
wheat grass. Recently, Padwick and Henry (12) added A. Grif- 
fithsii Scribn. and Smith to the list. 

Fraser and Scott (6) reported the infection of Bromus ciliatus 
and B. latiglumis (Shear) Hitche. with spores from slender wheat 
grass. However, since the percentage of infection was quite low, 
and since they neither used treated seed nor check rows in the ex- 
periment, these results are, as these authors point out, inconclusive. 

In this connection, the writer has made several attempts to infect 
Agropyron spp. with smut from Bromus spp. and vice versa, using 
either treated seed or check rows, or both, and has not yet suc- 
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ceeded in obtaining infection in either instance. Such results indi- 
cate, but do not establish, the specialization of brome grass smut 
to brome grasses and wheat grass smut to wheat grasses. 

A smutted plant of crested wheat grass was found in the grass 
smut nursery at Pullman, Wash., in July, 1935. The smut par- 
tially destroyed the spikelets, and its general symptoms, as well as 
the morphology of the spores, were notably similar to the common 
smut (Ustilago bullata) of slender wheat grass. Several samples 


of “smutty” crested wheat grass seed were received from the 
Adam’s Branch Experiment Station, Lind, Washington, in Sep- 
tember of the same year. Most of the samples contained bunt in 
varying percentages (due to Tilletia Triticit (Bjerk.) Wint.), but 
several of the samples contained fragments of a smut which obvi- 
ously was the same as the one previously collected on crested 
wheat grass at Pullman. The nursery at Lind was inspected in 
June, 1936, and several specimens of the same smut were found, 


and in July a considerable amount of it was collected in the Soil 





Conservation Nurseries, at Pullman. 
spores is given in Table 2 


The morphology of the 


(collection N-B, of Ustilago bullata). 
The appearance of the smutted spikes is shown in figure 2 


and the 


general morphology of the spores is illustrated in figure 12. 


TABLE 2 


VARIATION IN THE Epispore IN 20 CoLLections oF Ustilago bullata, U. bromi 
vora, U. bromivora macrospora, AND U, Lorentziana 











Collec- 
Species tion Host Character of Epispore 
Symbol 

U. bromivora..... M-A | Bromus tectorum Bluntly echinulate—verrucose 
U. bromivora..... M-B | Bromus moilis Bluntly echinulate—verrucose 
U. bromivora..... M-C | Bromus marginatus Rather coarsely echinulate—verrucose 
U. bromivora.....| M-F | Bromus japonicus Minutely echinulate—verrucose 
UL. bromivora..... M-G | Bromus erectus Bluntly echinulate—verrucose 
U. bromivora..... M-H | Bromus sp. Minutely verrucose 
U. bromivora..... M-I | Bromus catharticus Rather minutely verrucose 
U. bromivora..... M-J | Bromus squarrosus Minutely verrucose 
U. bromivora..... M- Bromus 6p. Very minutely echinulate—verrucose 
U. bromivora.....| M-L | Bromus sp. Coarsely verrucose 
U. bromivora..... M-N | Bromus sterilis Rather coarsely echinulate—verrucose 
U. bromivora..... M-O | Bromus brizacformis Rather finely echinulate—verrucose 
U.br. macrospora.. Bromus ciliatus Finely verrucose 
U. bullata....... N-A | Agropyron pauciflorum | Rather finely echinulate—verrucose 
U. bullata....... N-B | Agropyron cristatum Minutely verrucose 
U. bullata. N-C | Agropyron dasystachyum | Finely echinulate—verrucose 
U. bullata . ; N-D | Agropyron scabrum Finely echinulate—verrucose 
U. Lorentziana....| R-A | Hordeum nodosum Echinulate—verrucose 
U. Lorentziana... R-B | Hordeum jubatum Finely echinulate—verrucose 
U. Lorentziana... R-E | Hordeum gussoneanum Finely echinulate—verrucose 
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Apparently this is the first report of such a smut on crested 
wheat grass. Its gross morphology is the same as that of the 
smut which occurs on slender wheat grass. However, Padwick 
and Henry (12) were unable to infect crested wheat grass with 
smut from slender wheat grass. This may be due to their not 
having used susceptible strains of crested wheat grass. In this 
connection it should be pointed out, perhaps, that most of the 
writer’s collections of this smut on crested wheat grass have been 
on the variety “ Fairway.” 

The striking similarity in gross morphology of the smuts 
caused by Ustilago bromivora, U. bullata, and U. Lorentziana 
suggested the desirability of studying the comparative morphology 
of the spores in different collections of these species. 


COMPARATIVE MORPHOLOGY OF USTILAGO BROMIVORA, U. BULLATA, 
AND U. LORENTZIANA SPORES 


An analysis has been made of 19 collections of smut, including 
12 of Ustilago bromivora from at least 10 species of Bromus, 4 of 
U. bullata from the same number of species of Agropyron, and 3 
of U. Lorentziana from 3 species of Hordeum, to determine the 
comparative morphology of the chlamydospores of these smut spe- 
cies. Measurements (diameter only) were made of 100 spores, 
selected at random, of each collection, to determine the variations 
and range in spore size. A study was also made of the character 
of the epispore iy each collection. These 19 collections were se- 
lected for these studies because they are also being investigated 
with regard to life history, host range, and cultural characters on 
artificial media. A sample of the type collection of U. bromivora 
var. macrospora (discussed below) was included for comparative 
purposes. The data showing the collection symbol, host, and char- 
acter of the epispore are presented in Table 2. The data con- 
cerned with spore size are presented in Table 3. 

In Tables 2 and 3 it is seen that, at least insofar as these 19 col- 
lections which were studied are concerned, there is much more 
variation within Ustilago bromivora, as a species, than exists be- 
tween U. bromivora and either U.. bullata or U. Lorentziana, 
Thus it is seen that collection M-K of U. bromivora has charac- 
teristically small spores, with the mode at 6, and an average at 
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TABLE 3 


FREQUENCIES OF THE DIAMETERS OF THE SMUT SPORES OF 20 COLLECTIONS 
oF Ustilago bullata, U. bromivora, U. bromivora macrospora, 
AND U. Lorentziana 














Mean 
Collection eae Diameter 
Symbol 
Su Ou 7“ 8u Ou 104} Ilw}| 12m] 13m] 144 "7 
M-A.. 28 | 46 | 26 6.98 
M-B.. 2 6 | 36 | 39 | 16 1 8.64 
SRR Eres » 1 8 | 43 | 44 4 8.42 
SER CSY 2} 12) 45 | 40 1 9.26 
Seen 11 | 29 | 59 1 7.50 
|. ee 1 5 | 44 | 48 2 9.05 
. aa 3 | 38 | 53 6 8.62 
eas 1 | 23 | 54 | 20 1 1 10.00 
| | ee 23 | 63 | 12 2 6.03 
2 ee 1 19 | 47 | 30 3 8.15 
| eae 1 | 29 | 44} 25 1 6.96 
M-O........ 16 |} 61 | 22 1 9.08 
U. bromivora 
macros pora 1 4/15 | 40 | 21 | 14 S| 11.38 
SS See 6 | 14 | 59} 21 7.95 
3 Saree 22 | 52 | 26 7.04 
Saar 1 | 35 | 39 | 23 2 6.90 
Ss VE see ee 17 | 43 | 37 3 7.26 
Ses 6 | 30 | 57 7 7.65 
ae 2 | 16 | 60 | 22 8.02 
2” SER Capa 8 | 33 | 41 | 15 3 7.72 






































6.03, in diameter, and that collection M-J of the same species has 
characteristically large spores, with the mode and mean both at 
10. Similarly, collection M-K is distinct for the character of 
the epispore which is very minutely echinulate-verrucose, almost 
smooth. Collection M-L, on the other hand, is just as distinct for 
its rather coarsely verrucose spores. Further examination of 
Tables 2 and 3 show that all intergradations between the extremes 
just mentioned are to be found in the remaining 9 collections of 
U. bromivora. Ciferri (2), has also found differences in the 
modes for spore diameter in collections of U. bromivora, as, for 
example, 7 » on Bromus maximus Desf. and 9 » on B. fasiculatus 
Presl. 

Much less variation is seen in the collections of U. bullata and 
U. Lorentziana. Of the former species, collection N-C (on 
Agropyron dasystachyum) had the smallest spores, with a mean 
diameter of 6.90 », which is only aproximately 1 y less than those 
‘of collection N-A (on A. pauciflorum). In U. Lorentziana the 
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Fics. 4-15. 4, Ustilago bromivora (collection M-A) spores from Bromus 
tectorum; 5, ibid. (collection M-B), from B. mollis; 6, ibid. (M-J), from 
B. squarrosus; 7, ibid. (M-K), from Bromus sp.; 8, ibid. (M-L), from Bro- 
mus sp.; 9, ibid. (M-O), from B. brisaeformis; 10, Ustilago bromivora var. 
macrospora Farl., spores from type material supplied by Dr. G. P. Clinton; 
11, U. bullata (collection N-A) from Agropyron pauciflorum; 12, ibid. 
(N-B), from A. cristatum; 13, ibid. (N-D), from A. scabrum, received from 
Australia through Dr. G. L. Zundel; 14, U. Lorentsiana (R-A), from Hor- 
deum nodosum; 15, ibid. (R-E), from H. gussoneanum. All X 1000 and 
all photographed with same set-up of camera, microscope, illumination, and 
magnification. 
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only characteristic collection was R-E (from JZordeum gus- 
soneanum) in which the spores were less regular, ranging from 
6-10. However, the mean diameter of 7.72 » is essentially equal 
to that of the other two collections. It is further seen that, on 
the basis of the collections analyzed, U. bullata and U. Lorentziana 
are scarcely distinct morphologically. 

These differences and similarities in the 19 collections of U. 
bromivora, U. bullata, and U. Lorentziana (also one specimen of 
U. bromivora macrospora) are illustrated to some extent in figures 
4-15, 

The foregoing data might indicate that collections of a smut spe- 
cies on different hosts might be expected to show morphological 
differences. The question arises as to whether various collections 
of smut species on the same host species would also show such 
differences. With this in mind, examinations have been made of 
41 herbarium * specimens of U. bromivora, 10 of U. Lorentziana, 
and 3 of U. bullata.*| Twenty-six of the 41 specimens of U. 
bromivora were on Bromus tectorum, 5 on B. mollis, 6 on B. 
carinatus (including B. marginatus and B. polyanthus), and 2 
each on B. commutatus and B, secalinus. 

In most of the specimens on B. tectorum the mean spore di- 
ameter ranged from 7 to 8.18» in diameter. A few of the speci- 
mens contained larger spores, averaging 8.56 to 9.15 » in diameter. 
The epispore varied from minutely echinulate-verrucose to verru- 
cose, 

On Bromus mollis, the collections revealed much less variation, 
all having spores which averaged 9.1—-10.23 » in diameter, and all 
being echinulate-verrucose or minutely so. The same was true for 
the collections on B. carinatus, in which case the averages ranged 
from 8.76-9.64 w, and the spores were either echinulate-verrucose 
or verrucose. 

The remaining 4 collections, which were on B. commutatus and 
B. secalinus, did not differ from those on B. mollis and B. carinatus 
except that one specimen of Ustilago bromivora on B. commutatus 
had very minutely echinulate, almost smooth spores. 

The 10 herbarium specimens of U. Lorentziana revealed no sig- 


3 Plant Pathology Herbarium, State College of Washington. 
4 Twenty spores from each specimen. 
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nificant differences either in average spore size, or character of the 
epispore. The averages for the 10 collections ranged from 7.71— 
9.08 » in diameter and all were characterized by echinulate-verru- 
cose or verrucose spores. One specimen of U. Lorentziana, on 
Agropyron caninum (L.) Beauv. (probably A. subsecundum) 
collected at Little Laramie River, Wyoming, August 18, 1911, by 
E. T. and E. Bartholomew (Fungi Columb. No. 3796), is of espe- 
cial interest since the smutted spikes were very similar to those of 
A. subsecundum, affected with U. bullata. The other 9 collections 
were on Hordeum jubatum, but the spores of these had the same 
morphology as the one on Agropyron caninum. 





Fics. 16-18. 16, Typical germinating spores of collection M-B of Usti- 
lago bromivora from Bromus mollis (not all collections of U. bromivora 
germinate in this manner; some more closely resemble the following two) ; 
17, germinating spores of U. bullata (collection N-A) from Agropyron 
pauciflorum ; 18, U. Lorentsiana (collection R-A) from Hordeum nodosum. 
All drawn from photomicrographs, having good detail, but which were too 
hyaline to reproduce well in publication. X about 700. 


Except for being slightly smaller, the spores of the three her- 
barium specimens of Ustilago bullata examined revealed no differ- 
ences from the collections of U. Lorentziana described above. 


SPORE GERMINATION 


The spores of each of the 19 smut collections listed in Table 2 
have been germinated on potato-dextrose agar, and comparisons 
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made with regard to the manner of germination and subsequent 
behavior. No significant differences in the germination process 
could be detected in the spores of these 19 smut collections. All 
germinated, on potato-dextrose agar, with the production of from 
1—3, usually 2 promycelia, on which are borne, and budded off, the 
oblong to elliptical sporidia. When a single promycelium is pro- 
duced, it is only 3-celled, with the spore acting as the fourth cell 
(ric. 17, 18). Often, however, in some collections of U. bromi- 
vora especially, two indistinctly 2-celled promycelia are produced, 
and sporidia are budded off each of the 4 cells (ric. 16). The 
two promycelia more often emerge opposite each other. 


DISCUSSION 


On the basis of the data presented, it seems apparent that there 
is a close morphological similarity and relationship among U stilago 
bromivora, U. bullata and U. Lorentziana. However, different 
collections of U. bromivora sometimes show sufficient differences 
to render morphological separation possible. Were such treat- 
ment desirable, Ustilago bromivora could be split up into 2 or 3 or 
more species or varieties, on the basis of spore size and the char- 
acter of the epispore, and such species or varieties would probably 
be as valid as many now existing in essentially all groups of fungi. 
It would seem desirable, however, that critical study of a group of 
fungi should lead toward simplification, rather than complication, 
of the nomenclature of that group. 

In view of this, it seems feasible to consider the above-described 
smuts on brome grasses, barley grasses and wheat grasses as one 
morphological species. Fraser and Scott (6) tended in this di- 
rection when they recognized the distinct similarity of the slender 
wheat grass smut to the common panicle smut of brome grasses, 
and assigned the former to U. bromivora. The fact that Liro (9) 
has demonstrated the existence of specialized races in U. bromivura 
(and to which he gives specific rank) does not conflict necessarily 
with the desirability of considering the smuts of the two grass 
genera as the same species. Furthermore, since U. bromivora, U. 
bullata, and U. Lorentziana appear to be closely related, and are 
not distinguishable on real and constant morphological grounds, it 
seems advisable to include U. Lorentziana in the composite spe- 
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cies. Whether or not future investigations substantiate Liro’s (9) 
demonstration of the specialization within U. bromivora should not 
alter the situation, for the modern trend in the taxonomic treat- 
ment of pathogenic fungi is in opposition to the delimitation of 
species on the basis of host specialization. Indeed, the preliminary 
results of the writer’s inoculation experiments indicate that closely 
specialized physiologic races may occur in all three of the smut 
species under consideration. Such a condition would be quite com- 
parable to that demonstrated for other smut species, as, for ex- 
ample, Ustilago striaeformis (Westd.) Niessl. (4). 

If these smuts on Agropyron, Bromus, Hordeum, and Elymus 
are to be considered as one species the question arises as to the 
proper binomial. Ustilago bullata was described in 1855 by 
Berkeley ; U. bromivora in 1867 by Fischer von Waldheim when 
he raised to specific rank the Tulasnes’ Ustilago carbo var. vulgaris 
d. bromivora; and U. Lorentziana was described in 1880 by von 
Thiimen. 

Since U. bullata has priority over the other two names, it is here 
proposed that this name apply to the grass smuts under considera- 
tion. Furthermore this name has the distinct advantage of being 
descriptive, since the sori are characteristically bullate before they 
rupture to shed the spores. Accordingly, a description of U. bul- 
lata in the new concept of the species follows: 


Ustilago bullata Berkeley. In Hooker, W. J. Flora of New Zea- 
land 2: 196. 1855. 
Syn. Ustilago carbo var. vulgaris d. bromivora Tul. Ann. Sci. 
Nat. III. 7: 81. 1847. 
Ustilago bromivora (Tul.) Fisch. von Waldh. Bull. Soc. 
Nat. Mosc. 40: 252. 1867. 
Ustilago Lorentziana Thiim. Flora 63: 30. 1880. 
Ustilago. bromivora macrospora Farl. Bull. lowa Agr. Col. 
Bot. Dept. 1886: 59. 1887. 
Cintractia patagonica Cooke and Mass. Grevillea 18: 34. 
1889, 
Ustilago Holwayi Dietel, Bot. Gaz. 18: 253. 1893. 
Ustilago Agropyri Clinton,’ Trans. British Myc. Soc. 8: 
98. 1922. 


5 No species description published, but the name refers to Ustilago bullata 
on Agropyron pauciflorum. 











422 Mycotoeia, Vor. 29, 1937 


Ustilago Bromi-arvensis Liro, Ann. Acad. Sci. Fenn. A, 
17, 1-636. 1924. 

Ustilago Bromi-mollis Liro, Ibid. 

Ustilago patagonica (Cooke and Massee) Ciferri, Ann. 
Myc. 26: 32. 1928. 


Sori in the spikelets, bullate, sometimes entirely involving the 
glumes, but more often only partially so, at first enclosed by a 
greyish membrane (the host epidermis) of varying strength ac- 
cording to host, but which sooner or later ruptures, exposing the 
powdery dark-brown to purple-black or black spore-mass; spores 
rather thick-walled, mostly globose to subglobose, but often, espe- 
cially in agglutinated or not fully mature specimens, tending to be 
irregular or polyhedral, usually dark brown or olive-brown, with 
an epispore varying from very minutely echinulate-verrucose to 
rather coarsely verrucose, 5-14 » in diameter, more often 7-9 yp, not 
including the occasional elongate and irregular spores nearly always 
present. Germination of the indirect type, resulting in 1-3 promy- 
celia, which are 1 to 3-celled, and bearing ellipsoid to oblong spo- 
ridia at tips and often just below cross-walls. 


On Gramineae: ° 


Agropyron cristatum (5) Bromus polyanthus (3) 
Agropyron dasystachyum (6) Bromus pumpellianus (3) 
Aagropyron Griffiths (12) Bromus racemosus (3) 
Agropyron pauciflorum (6) Bromus secalinus (3) 
Agropyron subsecundum (6) Bromus squarrosus (5) 
Bromus arduensis (5) Bromus sterilis (5) 
Bromus arvensis (3) Bromus tectorum (7) (16) 
Bromus brachystachys (5) Bromus vulgaris (3) 
Bromus breviaristatus (3) Bromus vulgaris eximius (3) 
Bromus brizaeformis (5) Elymus striatus (5) 
Bromus carinatus (3) Hordeum caespitosum (3) 
Bromus catharticus (5) Hordeum gussoneanum (8) 
Bromus ciliatus (3) Hordeum jubatum (3) 
Bromus erectus (5) Hordeum marinum (3) 
Bromus inermis (14) Hordeum murinum (3) 
Bromus japonicus (5) Hordeum nodosum (3) 
Bromus Kalmii (3) Hordeum pusillum (3) 
Bromus marginatus (3) Sitanion hystrix (7) 
Bromus mollis (3) 


6 Hitchcock’s “ Manual of the Grasses of the United States” (U. S. Dept. 
Agr. Misc. Publ. 200, 1935) has been followed in attempting to determine the 
correct names for these grass hosts. Synonymy is not shown. No distinc- 
tion is made here between native and introduced species, and only those hosts 
reported in North America are listed. 
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An examination of a type specimen of Ustilago bromivora var. 


macrospora received from Dr. G. P. Clinton, Connecticut Agricul- 
tural Experiment Station, showed that the spores were quite large, 
varying from 8-14, with the mode for diameter at 11 », and the 
mean at 11.38,." It is, therefore, larger than any of the collec- 
tions of brome grass smut described in the preceding pages. Per- 
haps this collection is distinct enough to merit recognition as a 
variety. If so, should the collections M-J, and possibly also M-H 
and M-O (see Tables 2 and 3) be considered as the variety macro- 
spora because of their large spores? Should, then, the collections 
M-K, M-A, and M-N be considered also as a variety because of 
their small spores, perhaps as var. microspora var. nov.? It is 
evident that there is far too much variation in size, shape, and 
surface markings of the spores to permit of such varieties being 
sharply delimited. It would seem best, therefore, to include Usti- 
lago bromivora var. macrospora in the synonomy of U. bullata and 
recognize the latter as a composite species, probably consisting of 
many physiologic races possibly more or less sharply limited in host 
range, with these races sometimes morphologically more or less 
distinct on the basis of size and surface markings of the spores. 
Such a condition would be entirely comparable to that of some of 
the cereal and grass rusts, especially Puccinia graminis Pers. and 
P. rubigo-vera (DC.) Wint., and to the situation existing in wheat 
bunt, Tilletia levis Kahn. and T. Tritici (Bjerk.) Wint. 
, 


SUMMARY 


This paper deals with the comparative morphology and taxo- 
nomic relationships of the smuts of barley grasses, brome grasses, 
and wheat grasses in the Northwest heretofore known under the 
names Ustilago Lorentziana, U. bromivora, and U. bullata, respec- 
tively. 

Examination of 19 current collections, and 41 herbarium speci- 
mens of these three smuts revealed that they are morphologically 

7 Based on 100 spores (see Table 3). These measurements do not agree 
with those given by Clinton (3) who states that the spores are “ somewhat 
more irregular and larger, chiefly 11-17 in length.” This discrepancy is 


probably due in part, at least, to the fact that in the present studies only 
diameters were considered. 
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similar. There is more variation in the morphology of the spores 
of collections of U. bromivora than exists between U. bromivora, 
as a species, and either U. bullata or U. Lorentziana. 

The modes for the diameter of the spores of various collections 
of U. bromivora ranged from 6 » in collection M-K to 10 » in col- 
lections M-J and M-H. The mode for spore diameter of U. bul- 
lata was 7 p in 3 collections and 8 » in a fourth; for U. Lorentziana 
it was 8» in all collections. 

In U. bromivora the epispore also varied according to collection 
from very minutely echinulate-verrucose in collection M-K_ to 
rather coarsely verrucose in collection M-L. Most collections 
were distinctly echinulate-verrucose. U. bullata and U. Lorentzi- 
ana showed less variation, from finely echinulate-verrucose to 
minutely verrucose. 

It is considered that the smuts under the names Ustilago bromi- 
vora, U. bullata, and U. Lorentziana really represent one composite 
species, probably containing numerous well-defined physiologic 
races. Since U. bullata has priority over the other two names and 
is descriptive of the sori, it is proposed that that name apply to 
this species. 

An emended description of Ustilago bullata is accordingly given, 
with a list of the hosts in North America. Thus, 5 species of 
Agropyron, 23 species of Bromus, 1 of Elymus, 7 of Hordeum, 
and 1 of Sitanion are recognized as hosts to U. bullata, in the new 
concept of this species. Ten of this total of 37 grasses are herein 
reported for the first time. 
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NEW OR NOTEWORTHY PARASITIC SPE- 
CIES OF FUNGI IMPERFECTI IN 
OREGON * 


RopERICK SPRAGUE 


The fungi that are described or discussed in this paper are de- 
posited in the Mycological Herbarium of the Department of Bot- 
any at Oregon State College, Corvallis. Portions also have been 
deposited in the Mycological Collections of the Bureau of Plant 
Industry, U. S. Dept. of Agriculture, Washington, D. C. All of 
the collections at Corvallis are numbered (i.e. Ore. 10,615). Most 
of these fungi are from undetermined collections referred to the 
writer for determination. 


Phyllosticta Barssii sp. nov. 


Maculis pallido-brunneis, orbicularibus v. subconfluentibus; pycnidiis 
brunneis globosis v. subglobosis, punctiformibus, ostiolatis, 75-140 * 85-200 #; 
sporulis bacillaribus, hyalinis, 2.8-4.2  0.4-0.7 x. 

Hab. in foliis vivis Saussureae americanae D. C. Eaton. 


Spots tan to brown with darker borders, circular, 4-8 mm. in 
diameter later larger and angular becoming confluent, partially 
restricted by the veins, pycnidia epiphyllous, numerous, prominent, 
punctiform, erumpent, brown, globose to irregular, thin walled, 
ostiolate, 75-140 & 85-200; pycnospores minute, bacteria-like, 
2.8-4.2 X 0.40.7 p, hyaline, cylindrical, straight or slightly curved, 
sometimes two-celled or bi-guttulate, mostly non-septate. 


On living leaves of Saussurea americana D. C. Eaton. White- 
water Ranger Station, Cascade Mts., Ore. Collected by H. P. 
Barss and G. B. Posey, Aug. 16, 1914 (Ore. 10,536). Barss states 
that Whitewater Creek is one of the glacier-fed streams coursing 


down Mt. Jefferson into the Santiam River, the collection having 


1 Cooperative investigations between the Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and 
the Department of Botany, Oregon Agricultural Experiment Station, 
Corvallis, Ore. Published as Technical Paper No. 262 of the Oregon Agri- 
cultural Experiment Station. 
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been made about ten miles west of Mt. Jefferson. P. Barssii ap- 
pears to be the first parasitic fungus described on this alpine spe- 
cies of plant. 


Ascochyta Abroniae sp. nov. 


Maculis stramineis v. brunneis, orbicularibus v. ellipticis, 2-8 mm. diam. ; 
pycnidiis erumpentibus, gregariis, numerosis, conspicuis, aureis, ostiolatis, 
100-170 » diam.; pycnosporulis rectis, cylindraceis, utrinque rotundatis, 
hyalinis, 1(1-2) septatis, 15-26 X 4.5-6 u. 

Hab. in foliis vivis Abroniae melliferae Dougl. 


Lesions circular to elliptical, straw colored but appearing speck- 
led brown on account of the numerous large gregarious pycnidia 
which are erumpent, globose, golden brown with a prominent dark 
ring of cells around the ostiole ; ostiole 4-6 » in diameter, slightly 
elongated or nipple-like; pycnidia 100-170 in diameter; some- 
times two or three pycnidia coalesced ; pycnospores hyaline, cylin- 
drical or slightly tapering, constricted at the septum, 1- (rarely 2-) 
septate, ends rounded, 15-26 (mostly 18-25) & 4-5 p. 

On living leaves of Abronia mellifera Dougl. Hermiston, Ore. 
Collected by H. S. Jackson, May 12, 1915 (Ore. 10,763). 

This fungus occurs on a species of Abronia growing in almost 
dune-like stretches of sandy soil in the sagebrush region of north 
central Oregon. The only comparable fungi on the Nyctaginaceae 
are Ascochyta Oxybaphi Trel. on Oxybaphus and A. Boerhaaviae 
Tharp on Boerhaavia. The first mentioned species has spores 
measuring 10-17 X 4 and the latter has still smaller spores, 
12-14 & 3.54. There are no species of the Sphaeropsidales 
listed on the genus Abronia in available literature. 


ASCOCHYTA ACHLYDIS 


Ascochyta Achlydis Dearn. on Achlys triphylla (Smith) DC. 
collected at Diamond Lake, Ore., by L. N. Goodding (Ore. 
10,516) in July 1931 had pycnospores which averaged 65 per cent 
l1-septate and 35 per cent 2-septate. The spores with one septum 
average 16-29 * 5.8-8.5, and those with two septa average 
22-31 K 6-9; pycnidia 150-300, in diameter arranged con- 
centrically near the center of the lesions. . Dearness’ measurements 
(14-20 & 5-6.5 1) are those of considerably smaller spores but a 
comparison of Goodding’s collection with others made in Oregon 
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indicate that Dearness’ type collection represents a smaller stage, 
possibly immature, of the same species as that of Goodding’s col- 


lection. 

The fungus is one of the robust species of Ascochyta which some 
workers put in the intermediate genus Stagonosporopsis. Since 
approximately two spores out of three are typically Ascochyta the 
writer arbitrarily leaves the fungus in this genus. The writer is 
aware, however, that some will prefer Stagonospora Achlydis 
(Dearn.) comb. nov., which he does not. 


Ascochyta Hydrophylli sp. nov. Sprague & Bailey 


Maculis cinereis v. nigris, orbicularibus dein confluentibus, 3-10 mm. 
diam.; pycnidiis sparsis, non gregariis, globosis, aureis, ostiolatis, obscuris, 
75-100 X 80-115 diam.; pycnosporulis rectis, cylindraceis, utrinque rotun- 


Hab. in foliis vivis Hydrophylli tenuipedis Heller. 


Lesions grey to sordid black, circular becoming confluent, 3-10 
mm. diameter, frequently coaleseing to cover entire surface of 
leaf lobes; pycnidia scattered, obscure, erumpent-superficial, glo- 
bose, thin-walled, of loosely constructed pale yellow rectangular 
cells, ostiole obscure and poorly differentiated; pycnidia 75-100 
X 80-115 in diameter; pycnospores straight, cylindrical, both 
ends rounded, hyaline, 1-septate, 11-14 & 1.8-2.7 w (mostly 12-13 
X 2.2-2.4 p). 


On living leaves of Hydrophyllum tenuipes Heller, Corvallis, 
Ore. Collected by Floyd D. Bailey, May 19, 1913 (Ore. 10,594). 
Gloeosporium Hydrophylli Dearn. and House has spores meas- 
uring 5-9 & 2-2.5 borne in acervuli found in zonate spots. 
There are no other comparable species described on the Hydro- 


phyllaceae. 


STAGONOSPORA GLYCERIAE Roum. & Fautr. 


This fungus causes a buff to tawny, later white lesion on Glyce- 
ria striata (Lam.) Hitche. This fungus was collected near 
Hoover, Ore., by Posey and Barss in Aug. 1914 (Ore. 10,177), ap- 
parently its only report for North America. Detailed studies are 
needed on the Stagonospora spp. on Gramineae. The Oregon col- 
lection is referable to the species described as S. Glyceriae. 
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Septoria Poseyi sp. nov. 


Maculis brunneis, margine subdistincto; pycnidiis sparsis, indistinctis, 
epiphyllis, erumpentibus, punctiformibus, subglobosis, 80-170 diam. sub- 
nigris, ostiolatis; pycnosporulis filiformibus, subflexuosis, utrinque obtusis, 
hyalinis, 1-3-(4—-) septatis, 32-58 X 1.4-2.2 u. 

Hab. in foliis vivis Mertensiae laevigatae Piper. 


Spots brown with a subdistinct margin, pycnidia few, obscure, 
epiphyllous, erumpent, punctate and subglobose, 80-170, in di- 
ameter, black-brown, ostiolate, pycnospores filiform, subflexuous, 
ends rounded, hyaline, 1-3—(4—) septate, 32-58 & 1.4-2.2 p. 


On living leaves of Mertensia laevigata Piper. Whitewater 
Ranger Station, Ore. Collected by G. B. Posey and H. P. Barss, 
Aug. 16, 1914 (Ore. 10,534). 

The pycnospores of S. Poseyi range almost exactly intermediate 
in size between S. Drygalski P. Henn. (60-80 * 2-2.5) and S. 
Stenhammariae Rostr. (25-30 XK 1p). These latter two species 
occur on Mertensia maritima (L.) S. F. Gray, which grows along 
the seacoast of the North Atlantic. Since the spores of S. Poseyi 
appear to be mature, it is considered a distinct species rather than 
a variety of S. Drygalski. The spores of these two species are 
distinct in size and the habitats of the fungi are very different, one 
being found in the high mountains, the other near sea level. 


Septoria umatillensis sp. nov. 


Maculis pallide brunnéis dein albis, margine brunneo, irregularibus v. sub- 
rotundatis, 3-12 mm. diam.; pycnidiis obscuribus, globosis, nigris, 80-155 X 
80-160 % diam.; ostiolis obscuribus; pycnosporulis hyalinis, curvulis, fili- 
formibus-cylindraceis, cacumine acutis, basis hebitibus, 1l-septatis, 26-35 x 


2.9-4.3 mu. 
Hab. in foliis vivis Psoraleae lanceolatae var. scabrae (Nutt.) Piper. 


Spots pale brown, finally white, margins brown sometimes 
slightly raised, irregular to sub-rotund, 3-12 mm. diam. ; pycnidia 
obscure, scattered among the much more prominent glands of the 
host, black, depressed and slightly erumpent, globose or slightly 
flattened, with walls of closely knitted, deeply pigmented cells, 
80-155 80-160 » diam. ; ostioles small and obscure and appear- 
ing late or absent ; pycnospores hyaline, curved, filiform-cylindric, 
apex acute, base broader, rounded with ends blunt, 1-septate, 


26-35 X 2.9-4.3 p. 
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On living leaves of Psoralea lanceolata var. scabra (Nutt.) 
Piper. Hermiston, Ore. Collected by H. S. Jackson, May 12, 
1915 (Ore. 10,762). 

Septoria Argophyllae E. and K. on Psoralea argophylla is char- 
acterized by minute spots (1 mm.) and sepia-colored, immersed 
pycnidia with cylindrical, obtuse, 2—3-septate spores measuring 
40-55 & 2.5-3. The greater size and more numerous septa of 
the spore indicate that S. Argophyllae is distinct from S. umatil- 
lensis. However, study with viable material is needed. 

S. umatillensis derives its specific name from the region wherein 
it was collected. This area along the Umatilla river in Umatilla 
County, Oregon, was once occupied by the Umatilla tribe of 
Indians. 

DILOPHOSPORA ALOPECURI (Fries) Fries 

This fungus is very common in late winter and early spring on 

Holcus lanatus L. in western Oregon but it has not been reported 


on any other hosts from this area. The fungus is apparently the 
same as D. graminis Desm. f. holci Fuckel (D. Holci Fuckel) on 


Holcus lanatus in Europe. Indications are that this fungus and 
the one that attacks cereals in Europe are two physiologic races of 
the same species. The species name, alopecuri, is preferred be- 
cause, as pointed out by Atanasoff,? it has priority over the others. 


Ramularia Giliae sp. nov. 


Maculis obscuribus, luteo-brunneis, epiphyllis; conidiophoris conferto- 
fasciculatis, hyalinis, cylindraceo-clavatis v. geniculatis, plerumque, continuis, 
stromate hyalino ortis, 30-45 X 3-4; conidiis 1-septatis, constrictis, cylin- 
draceis v. obclavatis, hyalinis, 16-38 X 4-64. 

Hab. in foliis Giliae bicoloris (Nutt.) Piper. 


Lesions obscure, epiphyllous, buff, usually covering the entire 
leaf, conidiophores densely fascicled in numerous groups, uni- 
formly and densely scattered over the leaves; conidiophores hya- 
line, cylindrical-clavate, sometimes geniculate, usually continuous, 
arising from a substantial hyaline stroma, 30-45 & 3-4 »; conidia 
borne in short chains, cylindrical to slightly obclavate or clavate, 
mostly one septate, constricted at septum, hyaline, 16-38 « 4-6 p. 


On leaves of Gilia bicolor (Nutt.) Piper. Near Corvallis, Ore. 
Collected by H. S. Jackson, May 1, 1915 (Ore. 10,615). 


2 Atanasoff, D. The Dilophospora disease of cereals. Phytopath. 15: 
11-40. 1925. 
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This fungus, which was collected over twenty years ago, is ap- 
parently common but the small size of the host, particularly the 
leaves, and the hyaline nature of the fungus has permitted the dis- 
ease to escape observation by all other collectors. Only a careful 
observer would detect it in the field. 


Ramularia Vancouveriae (Ellis & Ev.) comb. nov. 


This fungus on Vancouveria hexandra (Hook.) Morr. and Dec., 
collected by H. S. Jackson on Mary’s Peak (Benton Co.) on Aug. 
15, 1914 (Ore. 10,600), has cylindrical, catenulate, hyaline spores, 
one to three septate, 18-29 & 4-5.7 », and borne on fascicled 
tapering conidiophores, which arise from a distinct sub-stomatal 
stroma. At a magnification of 20 x, the fascicles are visible as 
slightly roughened, uniformly distributed places on the under sur- 
face of small angular buff lesions. The fungus, which has been 
called Ovularia Vancouveriae Ellis & Ev., obviously belongs in the 
genus Ramularia, as shown by comparison with the type, and there- 
fore it is transferred to that genus. 


Cercospora praegrandis sp. nov. 


Maculis rotundatis v. irregularibus, brunneis; myceliis vegetis chlorinis v. 
brunneis, septatis, ramosis ; mycelliis stromatis nigris ; conidiophoris brevibus 
raro longis; conidiis raris, pallide brunneis, subulato-filiformibus, curvulis, 
pluriseptatis, constrictis (cellulis doleiformibus), fragilibus, 150-270 X 9-14 u. 

Hab. in foliis vivis Osmorhizae brevipedis (Coult. & Rose) Suks. 


Lesions circular to irregular, brown to chocolate brown ; vegeta- 
tive mycelium chlorinous to brown, branched, septate ; stromatic 
mycelium becoming black, aggregated at or near the leaf surface 
from which short to sometimes extended conidiophores arise; 
conidia not abundant, pale brown, subulate-filiform, base blunt, 
tapering to a whip-like distal portion, which is usually strongly 
curved ; conidia multiseptate, with as many as 16 septa, constricted 
at central septa (cells sometimes barrel-shaped) fragile, of great 


size 150-270 « 9-14 p. 


On living leaves of Osmorhiza brevipes (Coult. and Rose) Suks. 
On moist shaded bank, Yew Creek near upper (highway) bridge, 
Alsea Mountain (Benton Co.) Ore. Collected by R. Sprague. 
April 25, 1936 (Ore. 10,664). 
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This species has gigantic conidia, which are far larger than any 
other species of Cercospora described on the Umbelliferae. C. 
Osmorhizae Ellis & Ev. has spores 80-120 K 3-4 », thus averaging 
about half as long and a third as wide as C. praegrandis. 


Cercospora daemonicola sp. nov. 


Maculis irregulariter zonatis, nigro-brunneis, centro pallidiore, angularibus, 
irregularibus v. subrotundatis, epiphyllis, margine angusto, 2-14 mm. diam. ; 
myceliis vegetis chlorino-olivaceis v. brunneis, 2.5-6 « diam., septatis, ramosis ; 
myceliis stromatis brunneis; conidiophoris brevibus 10-25 X 4-64 v. longis 
(120); conidiis olivaceo-chlorinis subulato-filiformibus, curvulis, parte 
superiore in flagellam exilissimam extenuata, pluriseptatis (8-10), fragilibus, 
120-203 X 8-15 . 

Hab. in foliis vivis Oplopanacis horridi (Sm.) Miquel. 


Spots dark brown to inky with 2 to 5 irregular zonations, centers 
lighter brown; spots irregular, angular or subrotund, variable in 
size from 2 to 14 mm. or larger where coalesced, with a narrow, 
black, or sepia margin, epiphyllous; vegetative mycelium promi- 
nent, yellowish to olive or brown, 2.5-6y diameter, septate, 
branched, developing throughout the leaf tissue and aggregating 
near or at the upper leaf surface forming small to medium sized 
brown stroma from which single or somewhat fascicled conidio- 


phores arise, usually 10-25 KX 4-6y, but sometimes apparently 
much longer (120 ») ; conidia olivaceous-chlorinous but not brown, 
subulate-filiform, curved with the upper half of the spore tapering 
into a whip-like, usually non-septate chlorinous tip, basal end 
rounded but with a flattened hilum, 8-10 septate when mature, 
mostly nine septate, large and fragile, 120-203 8-15 p. 


On living leaves of Oplopanax horridum (Sm.) Miquel (Devil's 
Club) associated in part with saprophytic (?) fungi in the lesions. 
Middle fork of the South fork of the Santiam River two miles 
above its junction with Quartz Creek, Linn. Co., Ore. Collected 
by R. Sprague and F. D. Bailey, July 18, 1936 (Ore. 10,915). 

Cercospora Araliae P. Henn., which was described on Aralia 
spinosa in Japan, is produced in fuscus lesions on the underside of 
the leaves and differs from C. daemonicola in having very much 
smaller spores, 30-70  4.5-5.5 » (30-60 & 5-64 on A. sinensis). 
C. atromaculans Ellis & Ev. also has been reported on A. spinosa 
(Louisiana), is amphigenous, with spores 40-75 & 3-4. Cerco- 
Spora leptosperma Peck, which was described on A. nudicaulis 
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from lowa, produces light green spots and has paler conidia and 
mycelium (Cercosporella), and also has much smaller conidia 
(75 long) than C. daemonicola. It seems, therefore, that C. 
daemonicola is distinct from any species of Cercospora previously 
described on any member of Araliaceae. 


The writer is indebted to his colleagues, A. G. Johnson and 
Edith Cash, for kindly suggestions in the preparation of the de- 


scriptions. 








NOTES ON THE PARASITIC FUNGI 
OF ILLINOIS—VI 


Leo R. TEHON 
(WITH 9 FIGURES) 
In this, as in the previous papers of this series,’ the purpose is 
to record plant inhabiting, apparently parasitic fungi that are 
deemed deserving of recognition as new species; but opportunity 


is being taken, also, to report in analytical keys the results of com- 


parisons made of old species and to incorporate data as to host 
range and geographic occurrence. 

As formerly, Gray’s New Manual of Botany, Seventh Edition, 
has furnished the nomenclature of wild plants and Bailey’s Manual 
of Cultivated Plants that of crop plants. Besides the usual data 
as to place and date of collection, each specimen referred to is 
designated by its accession number in the Mycological Collection 
of the Illinois State Natural History Survey. Excerpts from type 
specimens, whenever the material at hand permits, have been de- 
posited in The New York Botanical Garden’s herbarium. 


Mycosphaerella Holci sp. nov. 


Folicole; inhabiting very extensive tan to stramineous red- 
bordered areas; perithecia innate, developed in and occupying the 
mesophyll, spherical, membranous, 60-100 » in diameter, opening 
hypophyllously ; ostiole papillate, usually about 15 » high, the pore 
7-10 wide. Asci cylindrical to clavate, 30-45 & 8-12 », apara- 
physate, 8-spored; ascospores 12-15 & 5-6, biseriate, 1-septate, 
constricted at the septum, hyaline, upper cell somewhat the larger 


(Fic. 5,6). 


Maculis in foliis extentissimis brunneolis usque stramineis annulo miniato 
cinctis, peritheciis innatis in medietate folii sitis sphaericis membranaceis 60- 
100 diametris per paginam inferam pertundentibus, ostiolis papilliformibus 
plurimum circa 154 altis cum poro 7-10 lato, paraphysibus carentibus, 
ascis cylindricis usque clavatis 30-45 longis 8-12 latis octosporis, asco- 


1 Mycologia 16: 135-142. 1924; ibid. 17: 240-249. 1925; ibid. 19: 110- 
129. 1927; ibid. 21: 180-196. 1929; and ibid. 25: 237-257. 1933. 
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sporis hyalinis distichis semel septatis loculo supero paulo majore angustiori- 
bus ad septum 12-15 u longis 5-6 » latis. 


On living leaves of Holcus Sorghum L., var. technicus (Korn. 
& Wern.) Bailey (broom corn) near Oakland, Coles County, IIL, 
October 5, 1927, Acc. No. 11591 (type) ; and near Mattoon, Coles 
County, Ill., October 5, 1927, Acc. No. 11682. 

In the same material, in the same spots, and scattered among 
the perithecia, occur also the pycnidia of a Phyllosticta. These are 
of about the same size as the perithecia, light brown and mem- 
branous, with ostioles up to 15 » wide which open through stomata 
in the lower leaf surface. The spores are oblong with rounded 
ends, often somewhat curved, biguttulate, and 6-7 X 3-3.5'n. 
From the description of P. sorghina Sacc., supposedly a sperma- 
gonial stage of Sphaerella Ceres Sacc., they appear referable to 
that species even though the spores are larger. Their constant 
occurrence with the perithecia suggests that they may be the im- 
perfect spore form. 

The ascomycete has several points in common with the Sphae- 
rella Ceres Sacc. reported on Sorghum vulgare from Italy, the 


pycnidial stage of which is reported to be Ascochyta Sorghi Sacc. 


Not having been able to see type or other authentic material of 
Saccardo’s fungus, nor to be certain that our fungus is the same 
as that so briefly described by Saccardo, we propose it as a separate 
species, the name for which can readily be reduced to synonomy in 
the event that the two prove identical. 


Glomerella vignicaulis sp. nov. 


Perithecia on dead stems, scattered and sparse, or abundant, 
clustered, contiguous, or even sometimes apparently confluent, 
spherical to somewhat applanate, dark brown but membranous, 
130-230 » in diameter ; ostiole short-papillate, round, more or less 
carbonized, 25-35 » in diameter; paraphyses lacking ; asci clavate, 
broadest above the middle, tapered thence to a broad, coarse foot, 
thickened at the rounded apex and provided with a pore for the 
emission of spores, 45-50 long, 10-12 wide, 8-spored; asco- 
spores biseriate, hyaline, allantoid, non-septate in the ascus, often 
becoming 1-septate after discharge, slightly constricted at the sep- 
tum, 10-185, long, 3-4.5 wide, mostly 14-16 X 3.5 (FIG. 
3, 4). 
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Peritheciis in caulibus emortuis sparsis et conspersis vel abundantibus 
congregatis contiguis vel etiam nonnumquam aperte confluentibus sphaericis 
usque paulo applanatis atratis brunneis sed membranaceis 130-230 « diametris, 
ostiolis nonnihil papilliformibus rotundatis plus vel minus carbonaceis 25-35 u 
diametris, paraphysibus carentibus, ascis clavatis latissimis supra medium 
attenuatis inde ad pedem latum magnum incrassatis ad apicem rotundatum 
et munitis cum poro ut sporas emittant 45-50 « longis 10-12 u latis octosporis, 
ascosporis biseriatis hyalinis allantoideis non septatis in asco saepe semel 
septatis post effusionem leniter angustioribus ad septum 10-18.5 4 longis 
3+4.5 w latis ut plurimum 14-16 X 3.5 u. 


On Vigna sinensis Endl. (cowpea) near Equality, Gallatin 
County, Ill., Sept. 8, 1932, Acc. No. 23703 (type); near Carmi, 
White County, Ill:, Sept. 10, 1934, Acc. No. 24809; and near 
Olmstead, Pulaski County, IIl., Sept. 17, 1933, Ace. No. 25450. 

Glomerella cingulata (Stonem.) Sp. & v. Schr. has been re- 
ported on various members of the legume family, notably Gleditsia 
triacanthos, Brya Ebenus, Lathyrus odoratus, Glycine hispida, 
Phaseolus lunatus, and P. vulgaris; and Glomerella lindemuthi- 
anum Shear has been reported on Vigna sinensis. The apparently 


closely related Phomatospora Wistariae Ellis & Ev. occurs on 


Wisteria frutescens. The conidial stage of the first is a Gloeo- 
sporium and that of the second is a Colletotrichum. None is 
known for the third. 

In each collection, this fungus is accompanied by a Cercospora 
exceptional in the length of its conidiophores and in that its spores, 
though variable, are in the main very long, very fine, and slender. 
Also, the conidiophores are borne in groups on cellular stromata 
which are connected with and arise from deeply situated strands 
of brown mycelium, not separable under the microscope from that 
which gives rise to the perithecia. The two spore forms are inti- 
mately associated, and it seems clearly evident in microtome sec- 
tions (FIG. 9) that they are connected. The Cercospora has the 
following diagnosis. 


Cercospora vignicaulis sp. nov. 


Fascicles scattered, seated on complex globular to columnar 
cellular brown stromata 28-55 y» wide or much larger by confluence, 
bearing from 1 to 12 erect and straight, or divergent, brown conid- 
iophores which are septate at intervals of about 15» in the basal 
half, 55-125 » long, 5-6.6 » wide at the non-bulbous base, tapering 
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only slightly (and becoming lighter brown and thinner walled) 
above, there 3.5-4 » wide, commonly with 3 geniscars, 1 terminal 
and 2 lateral within 20 » of the apex and generally all within 15 p. 
Conidia hyaline, very narrowly acicular, flexuous, terminally borne, 
septate, tapered from the base to a fine tip, conspicuous geniscar 
basal and internal, 60-245  2.5-3.5 4. Mycelium mostly deep, 
cylindrical, septate, brown and translucent, but also forming abun- 
dant aliform strands and complexes (Fic. 7, 8). 


Fasciis sparsis in stromate complicato globoso usque columnare brunneo 
28-55 u lato vel plus majore per confluentem ferente 1 usque 12 conidiophora 
erecta recta divergentia quae septata ad intervalla circa 15 in dimidio 
basilare 55-125 longa 5-6.6m lata ad basem non bullata attenuata solim 
leniter (denique dilute brunnea et tenuata lateribus) supra et ibi 3.5-44 lata 
cum 3 hilis 1 terminali et 2 in latere in 20 ab apice et plurime omnia in 
15 4, conidiis hyalinis angustissime acicularibus flexuosis terminaliter nascenti- 
bus septatis attenuatis ex base ad apicem acutissimum, 60-245 X 2.5-3.5 u, 
hilo conspicuo basilari et interno, mycelio plurime alte in caule sito cylin- 
draceo septato brunneo et translucido sed etiam formanti funiculos abundantes 
aliformes et complicatos. 


Phyllosticta atomata sp. nov. 


Maculicole, the spots extending through the leaf, subcircular to 
irregular, cinereus, arid, 0.5-2 mm. in diameter when within the 
blade, becoming confluent, when on the margins becoming very 
large, limited by a fine, raised, black line, this surrounded by a 
gradually diffusing purplish-brown halo; the tissue of the spot 
collapsing and cracking irregularly upon being dried. Pycnidia 
developed in and occupying the mesophyl, opening to either sur- 
face, spherical to applanate, membranous, brown, scattered but 
usually abundant, 40-70 » in diameter ; ostiole papillate, its open- 
ing 12-15, in diameter. Spores hyaline, non-septate, bacillar, 
0.75-1 pw wide, 3-5 w long. 


Maculis in foliis amphigenis subrotundatis usque irregularibus cinereis 
aridis denique confluentibus 0.5-2 mm. diametris in interiore maximis in 
marginibus folii angustissima elevata nigra linea limbatis et ex hac halos 
purpurea brunnea gradatim diffundens, telis macularum collabentibus et 
scindentibus irregulariter siccantibus, pycnidiis sparsis sed plurimum abun- 
dantibus brunneis sphaericis usque applanatis membranaceis in tela medii 
folii sitis per utramque paginam perrumpentibus 40-70 diametris, ostiolis 
papilliformibus cum oribus 12-15 diametris, sporulis hyalinis non septatis 
bacillaribus 3-5  longis 0.75-1 » latis. 


On living leaves of Plantago Rugélii Dene. near Elizabeth, Jo 
Daviess County, IIl., July 24, 1927, Acc. No. 10349 (type). 
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In adding this species to the list of Phyllostictae known on spe- 
cies of Plantago, the characteristics of the several parasites have 
been taken into consideration as follows: 


Pycnidia not exceeding 100 u in diameter. 
Spores bacillar, about 1 # wide P. atomata 
Spores oval to oblong, 2-3 » wide. 
Spores allantoid, up to 9 long P. plantaginella 
Spores oblong to ovoid, up to 5 long P. Plantaginis 
Pycnidia 120 « or more in diameter, spores 3-4 u wide P. plantaginicola 


Macrophoma oblongata sp. nov. 


Pycnidia caulicolous but not in spots, oblong with bluntly 
rounded ends, oriented parallel with the stem and set in rows be- 
tween the sclerenchyma strands, dark brown, membranous, and 
translucent, becoming carbonaceous and opaque, 95-135 wide, 
200-500 » long, usually discrete but occasionally joined terminally. 
Ostiole central, round, not papillate, the opening 20-25 » in diame- 
ter. Spores hyaline, continuous, oblong-ovate, with rounded ends, 
19-26 & 6.5-8.5 », borne on tapering conidiophores up to 10, 
long and 2.5-3 » wide. 


Pycnidiis in caulibus sed non in maculis, oblongis cum apicibus rotundato- 
obtusis parallelis cum caule orientibus et in serie inter strias sclerenchymatis 
ordinatis atratis brunneis membranaceis et translucidis denique carbonaceis et 
opacis 95-135 mu latis 200-500 u longis ut plurimum discretis sed nonnumquam 
iunctis terminaliter, ostiolis centralibus rotundatis non papilliformibus cum 
foramine 20-25 diametro, sporulis hyalinis continuis oblongis-ovatis cum 
apicibus rotundatis 19-26 longis 6.5-8.5 latis in basidiis attenuatis usque 
10 # longis 2.5-3  latis nascentibus. 


On Poa pratensis L. near Rushville, Schuyler County, IIl., Au- 
gust 2, 1935, Acc. No. 25381 (type). 


Macrophoma secalina sp. nov. 


Not maculicole. Pycnidia separate and scattered, amphigenous 
on leaves, spherical to decidedly applanate or almost dimidiate, 
dark brown to black, membranous and translucent to heavily car- 
bonized and opaque, 145-260 » in diameter, ostiolate, apparently 
subcuticular and developed from a subcuticular plate of aliform 
mycelium. Ostiole circular, carbonized, somewhat papillate, 
20-25 » in diameter. Spores hyaline, oblong to somewhat pyri- 
form, rounded above, with a short but well defined basal stalk, 
19-30 & 6.5-10 »; conidiophores simple, hyaline, nonseptate, often 
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Fics. 1-9. 1-2, Macrophoma secalina; 3-4, Glomerella vignicaulis; 5-6, 
Mycosphaerella Holci; 7-8, Cercospora vignicaulis; 9, Glomerella vignicaulis. 
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hour-glass shape, 8-14 w long, 2.5-3 » wide, spores acrogenous, not 
catenulate (Fic. 1, 2). 


Pycnidiis non in maculis separatis et sparsis amphigenis in foliis sphaericis 
usque notate deplanatis aut fere dimidiatis atratis brunneis usque nigris mem- 
branaceis et translucidis usque nimis carbonaceis et opacis 145-260 » diametris, 
aperte sub cuticula sitis et ex disco mycelii aliformis sub cuticula evolutis, 
ostiolis rotundatis carbonaceis paulo papilliformibus 20-25 diametris, 
sporidiis hyalinis oblongis usque paulo pyriformibus rotundatis supra et cum 
stipitello basilare breve sed bene definite 19-30 longis, 6.5-10 latis in 
basidiis simplicibus hyalinis non septatis saepe bifusiformibus 8-14 longis 
2.5-3 u latis acrogene nascentibus. 


Occurring on lower, dead leaves and sheaths of rye (Secale 
cereale L..), near Liberty, Adams County, IIl., June 23, 1931, Acc. 
No. 23913 (type), and near Westville, Vermilion County, IIL, 
July 3, 1935, Acc. No. 25073. 

The graminicolous species of Macrophoma* appear very similar 
in morphology but as indicated by specimens and descriptions, 
taking into account distinctions emphasized by their authors, they 


can be separated with a fair degree of sharpness in the following 


manner. 


Pycnidia aggregated in crusty or stromatic masses. 
Crusty masses extensive, pycnidia numerous............../ M. crustosa 
Stromata small and round, pycnidia few M. erumpens 
Pycnidia separate and essentially discrete. 
Pycnidia oblong in outline, on Poa 
Pycnidia round to oval in outline. 
Spores mostly more than 25 » long. 
Spores 15 or more wide, on Zea....................M. Zeae 
Spores 10-12 » wide. 
Spores mostly 30-40 u long, on Saccharum....M. Sacchari 
Spores mostly 25-30 « long, on Koeleria..........1 M. arens 
Spores mostly less than 25 u long. 
Spores mostly more than 20 u long. 
Spore width constant, 6.5-7.5 4, on Phleum M. Phlei 
Spore width variable, 6.5-10 4, on Secale......1 M. secalina 
Spores less than 20 4 long. 
Spores slender, 2-2.5 « wide, on Triticum..M. Hennenbergii 
Spores broader, about 4 wide, on Calamagrostis 
M. graminella 


2 Macrophoma suspecta Peck, upon examination of the type specimen 
through the courtesy of Dr. H. D. House, proves to be Ascochyta graminicola 
Sacc. 





TeEHON: Notes oN Parasitic Funci—VI 


Macrophoma Rubi sp. nov. 


Pycnidia scattered or tending to become gregarious or even 
contiguous in extensive zonately brown to purple marked stem 
lesions above and below nodes, black by reflected and brown and 
more or less translucent by transmitted light, membranous, spheri- 
cal to markedly applanate, developed in and occupying decomposed 
cortical tissues, 135-330 in diameter; ostiole round, somewhat 
papillate, protruding through the epidermis, 10-25 » in diameter ; 
spores hyaline, continuous, irregularly oblong, obtuse distally, 
tapered basally, straight or somewhat curved, 15-25, long, 
4.2-6.6 » wide but chiefly 18-20  4.5-5 yu. 


Pycnidiis sparsis vel gregariis aut etiam contiguis in laesionibus extentis 
supra et infra nodos cauliis notatis zonis brunneis usque purpureis nigris 
luce reflexa et brunneis et plus aut minus translucidis transmissa mem- 
branaceis sphaericis usque deplanatis in telis corticis disruptis sitis 135-330 u 
diametris, ostiolis rotundatis paulo papilliformibus et per epidermidem per- 
tundentibus 10-25 diametris, conidiis hyalinis continuis irregulariter 
oblongis obtusis ad apicem attenuatis infra rectis vel nonnihil curvis 15-25 4 
longis 4.2-6.6  latis sed ut plurimum 18-20 X 4.5-5 wu. 

On Rubus idaeus L., var. strigosus (Michx.) Maxim. (culti- 
vated Latham raspberry) near Barry, Pike County, Ill., August 
30, 1934, Acc. No. 24802 (type). 

From the comparisons I have been able to make, this fungus 
appears distinct from other large-spored Sphaerioidaceae reported 
on species of Rubus in America, including Sphaeropsis rubicola 
Cooke & Ellis, Diplodia Rubi Fries, Sphaeropsis Rosarum Cooke 
& Ellis, and Diplodia Ruborum (Schw.) Sacc. It, however, has 
spores of essentially the same size range as is given for Macro- 
phoma conica Passer., reported on Rubus Hoffmeisterianus from 
Italy. The common spore size of our species is nevertheless so 
much smaller that a constant difference is indicated. The rarity 
of the Italian species in Europe and the fact that in America no 
Macrophoma appears hitherto to have been recognized on Rubus 


argue against the possibility of the two forms being members of 


a wide-ranging, common species. 

Our species, which gains entrance at the juncture of leaf and 
stem, is obviously parasitic and is to be added to that already con- 
siderable group of fungi, the individuals of which are each of 
limited importance as a rule, but in the aggregate cause appreciable 
damage annually in commercial plantings. 
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Coniothyrium radicicola sp. nov. 


Mycelium (in culture) brown in mass, with gray aerial mycelium 
forming a deep, woolly but not felted cushion, older hyphae 5-8 » 
wide, septate at intervals of 14 to 25 yp, largely without dense proto- 
plasm, younger hyphae 1.7—3.5 » wide, septate at longer intervals ; 
hyphae commonly conglutinated into strands. Pycnidial develop- 
ment meristogenous, occurring by the proliferation of cells within 
definite areas on conglutinated strands of 2 to several hyphae; 
one to several free pycnidia developed in each place ; pycnidia mem- 
branous, translucent, brown, spherical to obpyriform, 90-165 p in 
diameter, ostiolate, the ostiole a simple opening, not rostrate or 
carbonized, 20-35 » or more in diameter. Spores tawny brown in 
mass, definitely brown tinted singly, spherical and 3 » in diameter 
to oval to nearly oblong, 2.2-4.5 » wide, 2.7-6.6 p» long. 


Mycelio (in cultura) brunneo in massa cum hyphis aeriis griseis formanti- 
bus pulvinum altum lanatum sed non compaginatum, hyphis senescentibus 
5-8 latis septatis ad intervalla 14-25 plurime sine protoplasma densa, 
hyphis juvenilibus 1.7-3.5 4 latis septatis ad intervalla longiora plurimum in 
funiculos conglutinatis, pycnidiis meristogenis, separatis sed saepe caespitosis 
membranaceis translucidis brunneis sphaericis usque ob-pyriformibus 90-165 u 
diametris, ostiolis non rostratis neque carbonaceis 20-35 « diametris, sporidiis 
cervinis brunneis in massa definite brunneis tinctis singillatim sphaericis et 
circa 3 « diametris usque ovalibus usque fere oblongis 2.7-6.6 u longis 2.2-4.5 u 
latis. 


On Ulmus americana L., inhabiting the cortical parts of dying 
roots. Dayton, Ohio. Acc. No. 24540 (type). 


CONIOTHYRIUM CARYOGENUM Rand. 


Taken on Carya alba (L.) K. Koch., in Shelby County, IIL, 
about 6 miles south of Pana City, June 7, 1927 (Acc. No. 7794). 
This record furnishes a new host species for the fungus and con- 
stitutes a new report for Illinois. The fungus causes a white, 
purple bordered, oval leafspot which runs along the lateral veins. 
In our material, the pycnidia are erumpent epiphyllously. 


Ascochyta Negundinis sp. nov. 


Foliicolous ; spots circular, white, diffusely and sometimes widely 
light brown-margined, 3-7 mm. in diameter, upper and lower sur- 
faces similar; pycnidia scattered, situated in the mesophyll, open- 
ing chiefly epiphyllously but also rarely hypophyllously, membra- 
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nous and not carbonized, very light brown, spherical to greatly 
applanate, 99-210, in diameter; ostiole slightly raised and 
erumpent, brown, the opening roughly circular, 8-14, in diam- 
eter; spores hyaline, a little unequally 1-septate, the distal cell 
usually the larger, rarely continuous or 2- or 3-septate, oblong 
with bluntly rounded ends, mostly straight but frequently curved, 
7.3-14.6 & 2.5-4 », mostly 8.5-10 & 2.9-3.6 p. 


Maculis in foliis rotundatis albis 3-7 mm. diametris nonnumquam cum 
marginibus late diffusis brunneolis in paginis superis et inferis similaribus, 
pycnidiis sparsis in medietate folii sitis supra raro infra pertundentibus mem- 
branaceis non carbonaceis brunneolis sphaericis usque multo deplanatis, 
99-210“ diametris, ostiolis leniter elevatis et erumpentibus, brunneis, 
rotundatis, 8-14 diametris, sporidiis hyalinis paulo inaequaliter didymis 
loculo supero plerumque majore raro continuis vel bis vel ter septatis 
oblongis rectis curvisve utrinque obtusatis 7.3-14.6 X 2.5-44 ut plurimum 
8.5-10 X 2.9-3.6 w. 


On Acer Negundo L., near Mt. Carroll, Carroll County, IIL, 
June 22, 1935, Acc. No. 25193 (type). 


SEPTORIA Quercus Thuem. 


To this species is referred a specimen on white oak (Quercus 
alba L..) collected at Hoopole, Henry County, October 8, 1934 
(Acc. No. 24925). As required for the species, in comparison 
with what is thought to be type material in Thuemen’s M/ycotheca 


universalis, No. 1793, the spots are circular, measuring in our ma- 
terial 1.5—-2 mm. in diameter, and very distinct, but lack any colored 
border. The pycnidia, which eventually approach acervulus-form 
are hypophyllous only, with very wide mouths, and 80-100» in 
diameter. Spores are definitely 1l-septate, straight or somewhat 


curved, acute above, accuminate below, and so tend to be some- 
what clavate, and measure 8.3-16.5 & 1.5-2y. A specimen on 
juvenile leaves of Quercus velutina Lam. from the same locality 
on the same date (Acc. No. 24926) has spores markedly arcuate, 
acuminate at both ends, 8.3-21.5 » long and 1-1.5 » wide, and spots 
up to 4 mm. in diameter. Both specimens might, perhaps, have 
been assigned to Gloeosporium septarioides Sacc. as exemplified 
in Ellis and Everhart’s North American Fungi No. 1629 (but not 
No. 2268, which is apparently an entirely different fungus), except 
for the definitely formed, strictly hypophyllous pycnidia. The 
several Septoriae, Gloeosporia, and Cylindrosporia recorded on 
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Quercus need careful examination and assortment, with fuller de- 
scriptions. The recorded Septoriae that I have seen may be 
ordered as follows: 


Pycnidia strictly hypophyllous. 
Spores 1-septate, 1-2 wide S. Quercus 
Spores 2-4-septate, 2-44 wide S. Querciti 
Pycnidia amphigenous. 
Spores 50 or more long, 1-2 wide S. dryina 
Spores 40 u or less long. 
Spores up to 40 long, 1-2 wide....................5 S. quercina 
Spores 2U-30 # long, 3-44 wide................0000008 S. quercicola 


Chaetoseptoria gen. nov. 


Pycnidia complete, spherical, separate, innate ; without clypeus, 
subicle or stroma, ostiolate, but not rostrate, crowned with setae; 
spores hyaline, scolecoform. Distinguished from Septoria by the 
setose pycnidium. 

Genus Sphaerioidacearum scolecosporarum cum pycnidiis perfectis sepa- 
ratis innatis ostiolatis et non rostratis sporulis hyalinis septatis scolecoformi- 
bus subiculo vel stromate vel clypeo carens. Ab Septoria circulo setarum 
circum ostiolum distinctum. 


Chaetoseptoria Vignae sp. nov. 


Pycnidia scattered, innate, becoming erumpent epiphyllously, 
membranous and without ostiolar darkening, 100-165 » in diam- 
eter ; ostiole round, definite, 20-30 » in diameter, surrounded by a 
ring of erect, straight, brown, septate, acute setae 50-165 5-9 u. 
Spores hyaline, acicular, straight to arcuate, rounded distally, 
acute at the base, 1 to several, usually 3- or 4-septate, 18-50 « 1.5- 
2.2m. 


Pycnidiis maculas foliorum incolentibus sparsis innatis per paginam superam 
erumpentibus membranaceis 100-165 diametris, ostiolis rotundis definitis 
non atratis circulo setarum brunnearum septatarum rectarum erectarum 
50-165 # longarum 5-104 latarum coronatis, sporidiis hyalinis acicularibus 
rectis usque arcuatis obtusis supra acutis base semel usque pluries ut 
plurimum ter vel quater septatis 18-50 X 1.5-2.2 u. 

Acc. No. 25080 (type) taken near Eldorado, Saline County, IIl., 
September 10, 1934. On leaves of Vigna sinensis Endl., in cir- 
cular, yellowish, collapsed spots up to 5 mm. in diameter, distinct 
and with a raised, narrow, red-brown border above but indistinct 


below. 
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In its external aspect this fungus is similar to that of Tracy and 
Earle’s incorrectly placed Amerosporium oeconomicum, which at- 
tacks the same host, but there appears to be no ring of dehiscence 
cells in the ostiole. In view of the spore form, there is no pos- 
sible doubt of the correctness of classification in the Scolecosporae. 
The genus proposed for it here is closely allied to Septoria but is 
distinguished by the circum-ostiolar crown of setae. So far as 
the writer is aware, no Septoria-like fungus with setate pycnidia 
has yet been described. According to the usual wording of keys 
(Clements and Shear, Stevens, Engler and Prantl), Cavara’s genus 
Trichoseptoria might be supposed to serve. In Cavara’s * descrip- 
tions, however, the pycnidia of Trichoseptoria are described as 
comate, and his illustrations (/.c., tav. IV, figures 2 to 4 and 11) 
show the erumpent pycnidia to be covered with flexible hairs about 
equal in length to the pycnidial diameter. For convenience, then, 
Septoria may be regarded, as heretofore, as with neither hairs nor 
setae, Trichoseptoria as with hairy pycnidia, and Chaetoseptoria as 
with setose pycnidia. 


Septogloeum Equiseti sp. nov. 


Maculicole on stems, spots extensive longitudinally (up to 5 cm. 
long), often encompassing the stem, stramineus, not limited ; 
acervuli abundant, scattered but in rows between the sclerenchyma 
strands, raised, oval, cinereus with dark brown to black borders, 
4 to % mm. long, 4 to % mm. wide, the cuticle splitting longi- 
tudinally and irregulatly at maturity ; basal cushion 10-30 » thick, 
a hyaline plectenchyma; spores straight to somewhat allantoid, 
continuous to 4-septate, hyaline, ends bluntly rounded, 20-35 « 3- 
3.5 w; basidia hyaline, cylindrical to clavate, 6-12 & 2.5-3 p. 


Acervulis in maculis in caulibus extentis in longitudine (usque 5 cm. longis) 
saepe caulem circumambientibus stramineis non limitatis abundantibus sparsis 
sed ordinatis inter strias sclerenchymatibus elevatis ovalibus cinereis cum 
limbis brunneis usque nigris 250-500 longis et latis, cuticula scindente 
longitrorsum et irregulariter in maturitate pulvinulo basilare 10-30 denso 
plectenchymata hyalino sporulis rectis usque paulo allantoideis continuis 
usque quater septatis hyalinis utrinque rotundato-obtusis 20-35 « longis 3-3.5 » 
latis in basidiis hyalinis cylindricis usque clavatis 6-12 X 2.5-3 » nascentibus. 


8 Cavara, Fridiano. Una malattia dei limoni (Trichoseptoria Alpei Cav.). 
Atti dell’ Instituto Botanico di Pavia, II. 3: 37-44. pl. 4. 1894. 

——. Ulteriore contribuzione alla micologia Lombarda. Atti dell’ Insti- 
tuto Botanico di Pavia, II. 3: 313-349. 1894. 
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On living stems of Equisetum laevigatum A. Br. near Sterling, 
Whiteside County, IIl., July 23, 1927, Acc. No. 10369 (type). 


Leptostroma Querci sp. nov. 


Folicole, in spots, the spots visible on both surfaces, 3-5 mm. in 
diameter ; becoming arid, fragile, and friable, the tissue splitting 
radially and falling away, tan and concolorous above and below, 
surrounded by a narrow dark brown to black border; pycnidia 
amphigenous, membranous, or in age carbonaceous, innate er- 
rumpent, longer than wide, subspherical in section, 90 75 to 
180 & 150; opening by a slit running lengthwise, the lips so 
formed occasionally cracked. Spores 1-celled, hyaline, long-oval 
to subspindle-shaped, ends subacutely rounded, 7-10 & 2-3 p. 


Maculis amphigenis in foliis 3-5 mm. diametris demum aridis fragilibus 
et friabilibus tela scindente radiatim et dejaciente brunneolis et concoloribus 
supra et infra angusto atro brunneo usque nigro limbo circumdatis, pycnidiis 
amphigenis membranaceis vel in aetate carbonaceis innatis errumpentibus 
longioribus quam latis subsphaericis in sectione minoribus 90 X 754 
majoribus quorum 180 X 1504 recludentibus rima longitrorsa labia ita 
formati nonnumquam fissila sporidiis ‘non septatis hyalinis longis ovalibus 
usque subfusiformibus utrinque acute rotundatis 7-10 longis 2-3 u latis. 


On leaves of Quercus imbricaria Michx., Ramsey, Fayette 
County, Ill., June 7, 1927, Acc. No. 9455 (type). 
Section oF APPLIED BoTANy AND PLANT PATHOLOGY, 
Ittino1is STATE NATURAL History Survey, 
Ursana, ILLINoIs 


EXPLANATION OF FIGURE 


Fig. 1-2, Macrophoma secalina: 1, pycnidial section showing subcuticular, 
circumostiolar clypeus; 2, surface view of ostiole and clypeus, illustrating 
radiate arrangement and aliform structure of hyphae; 3-4, Glomerella vig- 
nicaulis: 3, ascus with biseriate spores and apical pore; 4, three ascospores, 
illustrating shape and eventual septation; 5-6, Mycosphaerella Holci: 5, an 
ascospore; 6, a perithecium in section; 7-8, Cercospora vignicaulis: 7, a 
spore; 8, a stroma with conidiophore bases and two typical conidiophore 
tips with geniscars ; 9, Glomerella vignicaulis: a diagrammatic reproduction of 
a microtome section, showing the obvious mycelial connection between its 
perithecia and stromata of Cercospora vignicaulis. 























SOME HYPHOMYCETES THAT PREY ON 
FREE-LIVING TERRICOLOUS 
NEMATODES 


CHARLES DRECHSLER 


(wiTH 18 FIGURES) 


In several preliminary summaries (12, 13, 14) published a few 
years ago, were set forth synoptically the morphological features 
of 16 fungi observed to subsist by the capture of free-living 
nematodes infesting old agar plate cultures started from various 
decaying plant materials. Little attention was then given to the 
relationships of the different fungi to species previously described, 
only one among them, the widely familiar and well characterized 
Arthrobotrys oligospora Fres., whose predacious behavior had been 
impressively recorded by Zopf (72) nearly a half century earlier, 
being mentioned by name. Ina subsequent paper (15), considera- 
tion of special organs developed by nematode-capturing fungi 
entailed identification of two other of the 16 forms; one being 
recognized as Dactylaria candida (Nees) Sacc., the other as 
Dactylella ellipsospora Grove. The remaining 13 fungi, with the 
exception of two species belonging in the Phycomycetes, could be 
referred to (16, 18, 2@) only rather cumbersomely as members of 
an interrelated series of Hyphomycetes distributed in large part 
among the genera Trichothecium, Arthrobotrys, Dactylella (includ- 
ing Monacrosporium), Dactylaria and Pedilospora. 

Although some of the mucedinous forms known to capture 
nematodes are dealt with under established binomials, usage re- 
garding these binomials has not always been consistent. The 
species concerned are therefore given comparative treatment herein 
together with the more numerous related species of like biological 
habit that seem hitherto to have remained undescribed, including 
four discovered since the summaries were written. In addition 
there are appended brief accounts of two fungi, which so far have 
not been seen to capture or parasitize animals of any kind, yet 


447 














448 Mycotocta, Vor. 29, 1937 


which in all probability represent members of the predacious series, 
and, perhaps, under suitable conditions may prove destructive to 
other organisms. 

Indeed, with better adapted cultural methods and employment of 
materials from more varied sources, many other vermivorous Hy- 
phomycetes will undoubtedly be brought to light. A dozen species 
have been cited elsewhere (18), which from their descriptions 
alone would seem to belong in the predacious series; the sturdier 
ones among them, as notably Trichothecium inaequale Mass. & 
Salm., Monacrosporium elegans Oud., M. megasporum Boed., M. 
ovatum Petch, M. oxysporum Sacc. & March., Dactylella minuta 
Grove, D. minuta var. fusiformis Grove, and Dactylaria pulchra 
Linder, showing in their reproductive structures such close re- 
semblance to species known to prey on roundworms that similarity 
in trophic relationships is strongly suggested. The suggestion 
loses little plausibility through the absence of supporting testimony 
in the relevant literature ; for in the opaque solid substrata on which 
the enumerated fungi were reported, microscopic animals, appa- 
ratus of capture, and all evidence of predacious activity are only 
too effectively concealed from view. Precisely because of such 
concealment Arthrobotrys oligospora continued for decades to be 
regarded as primarily a saprophytic or coprophilous plant, even 
among mycologists who encountered it almost daily and to whom 
Zopf’s findings concerning it were well known. On transparent 
artificial substrata, however, this fungus and its vermivorous allies 
are readily shown to be decidedly lacking in saprophilous traits. 
When sizable portions of their mycelia are transferred from pure 
culture to maizemeal agar well permeated with saprogenous bac- 
teria but devoid of nematodes, development in any significant meas- 
ure fails to take place; whereas extensive development ensues fol- 
lowing transfer to agar both permeated with saprogenous bacteria 
and well infested with active nematodes. Evidently the predacious 
Hyphomycetes, like the Zodpagaceae, absorb only water from their 
putrescent substrata, obtaining their nourishment entirely from the 
unfouled materials in the animals freshly killed by them. 

In their choice of prey the nematode-capturing fungi show 
rather little discrimination between species of animals except such 
as may result from the physical limitations of their own predacious 














DRECHSLER: HyPHOMYCETES 449 


apparatus. Capable of holding eelworms up to 500 or 6004 in 
length, the retiary as also the constricting forms destroy promiscu- 
ously nearly all nematodes that ordinarily multiply abundantly in 
agar plate cultures, including besides a few semi-parasitic forms 
as, for example, Aphelenchus Avenae Bastian and Cephalobus 
elongatus de Man, many saprophilous species of Acrobeles, Acro- 
beloides, Cephalobus, Diplogaster, Diploscapter, Plectus and 
Rhabditis.. The three more delicate fungi with non-constricting 
rings are usually limited in their destructiveness to animals not 
exceeding 350 or 4004 in length. In general, even smaller di- 
mensions are characteristic of the prey taken by the two fungi pro- 
vided only with stalked adhesive knobs; one of the two, Dactylella 
asthenopaga, often restricting its predacious activity to specimens 
referable to the genus Bunonema, which, somewhat curiously, are 
not frequently caught by other fungi. Except in their earlier 
stages of development, the more robust species of eelworms that 
in agar cultures soon attain lengths in excess of 600 or 709 », are 
mostly immune from capture. Yet, now and then, powerful speci- 
mens of Dorylaimus have been found succumbing to infection 
from an uprooted hyphal network that they had failed to shake off ; 
and, occasionally, constricting rings, though torn from their stalks, 
have been observed inexorably bringing to an appropriate end the 
predatory careers of encircled specimens of Mononchus as niuch 
as 1 mm. in length. 

The nematode-capturing Hyphomycetes are most readily iso- 
lated through removal of conidia directly from the fertile hyphae 
to agar plates. This is conveniently accomplished, especially in 
forms with tall sporophores, by bringing a small slab of agar held 
on a flamed platinum spatula into contact with the spores, care 
being taken to avoid contact with the bacterium-laden substratum. 
As the conidia when produced usually carry no bacteria, cultures 
free of all contamination are often obtained without any further 
operation. Except in Dactylella bembicodes and Triposporina 
aphanopaga vegetative growth is moderately rapid and results in a 
rather dense mycelium composed of branching filaments usually 

1 For identification of nematodes I am greatly indebted to Dr. G. Steiner, 


Principal Nematologist in Charge, Division of Nematology, Bureau of Plant 
Industry, Washington, D. C. 
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more or less abundantly anastomosed. As in other members of 
the predacious series, a peculiar odor is given off in varying 
strength on different media. Organs of capture are regularly 
absent in pure culture, the production of such structures usually 
being indicative of invasion by mites. The retiary forms, all of 
which generally sporulate well on nematode-infested substrata, 
sporulate even better in pure culture. When protected from ex- 
cessively rapid evaporation, the four polycephalous species and the 
two more nearly monocephalous species, Arthrobotrys cladodes 
and Dactylaria thaumasia, develop reproductive apparatus in spec- 
tacular luxuriance. The annulose and knobbed forms sporulate 
moderately in pure culture much as on wormy substrata, though a 
few of the species behave even more capriciously here, sometimes 
failing to give rise to any conidiophores at all until after exposure 
to strong light. 
ARTHROBOTRYS SUPERBA Corda 


The fungus referred to earlier (12: p. 138, lines 29-31; p. 139, 
fig. 2, A, B) as differing from Arthrobotrys oligospora in the 
smaller size and more nearly equal partitioning of its conidia, oc- 
curs widely in decaying vegetable materials. It has been found to 
develop now and then in agar plate cultures started from pieces of 
roots or of other underground structures decaying as a result of 


invasion by phycomycetous parasites. More frequently it has 
made its appearance on maizemeal agar cultures to which, follow- 


ing infestation with saprophilous nematodes of such genera as 
Acrobeles, Acrobeloides, Cephalobus, Diplogaster, Plectus and 
Rhabditis, had been added pinches of leaf mold from supplies of 
this material gathered in deciduous woods near Beltsville, Md., 
Cumberland, Md., Butternut, Wis., and Madison, Wis., as well as 
in Arlington, Va. 

A general similarity to Arthrobotrys oligospora at once becomes 
evident as the fungus extends its mycelium sparsely through a 
nematode-infested culture. If, on the whole, the filaments are 
slightly narrower than in the species described by Fresenius, the 
difference is certainly not pronounced. On the hyphae is borne 
the predacious apparatus, which consists of anastomosing bails or 
loops often compounded in some number to form here and there 
networks of variable extent (Fic. 1, A,a,b; B). Capture of prey 
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can, of course, be effected by a single arch; sometimes, indeed, 
being accomplished merely through adhesion of the animal to the 
outer rim of the hyphal bail (Fic. 1, C). Instances of such cap- 
ture without enmeshment are often very frequent in moist agar 
cultures ; the bacterial slime usually covering the. smooth surface 
here, apparently affording the animal so little hold on the sub- 
stratum that it can exert no effectual leverage to pull itself away. 
Under drier conditions, or in the presence of bits of solid mate- 
rial, the struggles of the nematode are not attended with disadvan- 
tages quite as serious; so that except for the smaller larvae, ad- 
hesion in itself proves insufficient, but needs to be supplemented by 
enmeshment, whether in a single loop or in a more extensive 
anastomosed network (Fic. 1, D). 

Soon after capture is effected the animal’s integument is pene- 
trated at a place median in the region of contact by a process about 
2 wide thrust out from the predacious element. On reaching 
the fleshy parts within, this process gives rise to a globose struc- 
ture that increases in size until after an hour or two it comes to 
occupy a cross-section of the interior either wholly (ric. 1, D) or 
in large part (FIG. 1, C). The virtual severance of the captive’s 
body accomplished in this way, is promptly reflected in diminution 
of its movements. When these movements have become relatively 
sluggish, a number of hyphae arise from the subspherical struc- 


ture and extend themselves throughout the fleshy interior, their 


advance being marked by conspicuous degeneration of musculature 
and organs, with production of very numerous globules consisting 
presumably of some fatty material. The contents become more 
and more attenuated from progressive absorption by the permeat- 
ing hyphae, until finally nothing remains but the diaphanous in- 
tegument collapsed about the evacuated and very inconspicuous 
envelopes of the assimilative filaments. 

Frequently a nematode is penetrated in two (Fic. 1, C, D) or 
more places, and a corresponding number of globose bodies and 
haustorial systems are intruded to share in the appropriation of its 
fleshy substance. As was intimated earlier (12), there can scarcely 
be any doubt that the special function of the globose bodies pro- 
duced in this species, as also in allied retiary and knobbed forms, 
is to kill the animal quickly and thus without much delay to make 
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it suitable for invasion by the assimilative hyphae. Certainly the 
rapid death of captured roundworms achieved by means of the in- 
truded bodies, offers a marked contrast to the lingering decline of 
nematodes captured by the two Phycomycetes I have described 
elsewhere under the binomials Stylopage hadra (17) and S. 
leiohypha (19), neither of which develop anything that could be 
considered a special mortiferous structure. 

On developing in agar plate cultures infested with saprophilous 
nematodes, and therefore in the presence of other fungi as well as 
of bacteria and a miscellaneous assortment of microscopic animals, 
the fungus gives rise to conidiophores scattered sparsely over the 
substratum. The individual conidiophore, arising always as an 
erect aerial branch from a prostrate mycelial filament, here meas- 
ures mostly from 100 to 300 » in height and from 3 to 5 w in width 
at the base, whence it tapers upward to a diameter varying between 
2and 3.5. At the tip it is slightly expanded and bears in capitate 
arrangement usually from 4 to 10 conidia, each of which on falling 
off leaves behind a short stumpy sterigma. Occasionally, after 
elongation of the conidiophore, a second head of conidia is formed 
(12: p. 139, fig. 2, A). Three successive conidial clusters have 


never been seen produced on the same sporophoric axis in nema- 


tode-infested cultures. 

Much more luxuriant development of conidial apparatus ensues 
when the fungus is grown in pure culture on some suitable artificial 
medium as, for example, maizemeal agar. The rapidly growing 
mycelium then begins to produce numerous conidiophores within 
a few days after planting; through repeated elongation straight- 
forward or at variable angles, these continue to give rise to suc- 
cessive conidial heads (Fic. 1, E-/), until more than a score of 
clusters may have been formed on a single irregularly geniculate, 
nodose axis. Besides, the sporophores may give off one (Fic. 1, 
E) or more branches, likewise bearing from one to a dozen conidia 
at successive nodes. Naturally the very rangy, heavily laden 
fertile hyphae assume a somewhat procumbent habit and thereby 
become confusingly entangled with one another. After about 15 
days, production of conidia comes to an end, probably as a result 
of staling. Degeneration becomes increasingly evident, especially 
in widespread germination of the conidia in place, the germ tubes 
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anastomosing with one another, with neighboring conidia, with 
conidiophores, or with mycelial hyphae. Very frequently through 
such vegetative union the conidia of the individual heads become 
joined to one another and to the distal portion of the conidiophore ; 
and are then supported approximately in their original positions in 
spite of disarticulation from their sterigmata. In 30 days after 
planting, cultures of the fungus rather characteristically show ex- 
tensive evacuation of the vegetative hyphae, evacuation and gen- 
eral collapse of the conidiiferous filaments, germination of the 
conidia everywhere, accompanied often by their complete or partial 
evacuation, and widespread promiscuous anastomosis of germ 
tubes, sporiferous hyphae and vegetative filaments—giving alto- 
gether an appearance of pronounced debilitation. 

Although in their continued growth and production of successive 
conidial heads, the sporophores of the fungus resemble those of 
Arthrobotrys oligospora, they differ markedly from the latter in 


their smaller diameter and generally less robust aspect. A com- 


parison between the conidia of the two species reveals even more 
decisive differences. In the fungus under discussion these struc- 
tures are mainly cylindrical, usually tapering only slightly toward 
the basal end, which is frequently little less bluntly rounded off 
than the distal end (ric. 1, J, a-z). Often, indeed, the proximal 
half of the conidium is fully as wide as the distal half, and oc- 
casionally may even be somewhat wider. A single septum, which 
is sometimes placed at a slight constriction in the outer contour, 
and sometimes is unassociated with any external modification, 
divides the conidium into two approximately equal cells. While a 
uniseptate conidium is generally to be regarded as immature, it yet 
appears probable that in many instances a partition is never formed. 
Conidia with two cross-walls are definitely exceptional (Fic. 1, 
J,d). For the most part the spores vary between 12 and 23 » in 
length, and between 6.5 and 9.5 » in diameter, though specimens as 
much as 28 » in length, and as much as 10 » in diameter, have been 
found. The average values for these dimensions, 16.8 » and 7.8 » 
respectively, that were computed from measurements of 200 speci- 
mens taken at random from several lots of material, would seem 
approximately representative of the species. 
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In morphology of reproductive apparatus the present fungus 
agrees better than any other species known to me, with Corda’s 
original description (10) of Arthrobotrys superba; the correspond- 
ence in production of successive heads, in general shape of the 
conidia, and in their division into two approximately equal cells, 
being especially persuasive. <A tolerably satisfactory agreement 
with regard to spore dimensions would, moreover, seem to follow 
from Corda’s statement that the conidia of his fungus measured 
“biz 0,0006 P. Zolltheile”’ in length. The expression, if inter- 
preted as referring to the old Prussian “ Zoll,” equivalent to 2.615 
cm., would indicate a maximum conidial length of 15.69. Writ- 
ing only 13 years later, when presumably the linear unit concerned 
could hardly yet have become entirely unfamiliar, and possibly 
may even have still been in common use, Fresenius (23) con- 
verted Corda’s expression to “ 4%4;—%q mm.” or 18.2-16.9 p. 

It must be admitted, however, that departures from the descrip- 
tion of Arthrobotrys superba are not wanting. In Corda’s figures 
the conidia are shown more deeply constricted at the septum and 
more acutely pointed at the base than is usual in my fungus; the 
sterigmata at the same time being represented as acutely pointed 
and as spirally arranged on the separate nodes, rather than as 
bluntly truncate and irregularly arranged. Moreover, the conidio- 
phores, figured consistently with branching rhizoidal systems, are 
set forth in the text as being provided at the base with an “ astiges, 
feinfaseriges, strahliges Wurzelgeflechte.” The discrepancies in 
finer details of conidium and sterigma are perhaps to be accounted 
for partly in the imperfections of the microscopes used a century 
ago, and partly in an artistic idealism that lacked such restraint as 
is now usually imposed by the general use of. the camera lucida. 
A tree-like rooting habit appears to have been attributed more 
often in earlier times than at present to erect sporiferous elements, 
possibly from a natural though frequently erroneous assumption 


of similarity to some robust and widely known forms like Rhizo- 
pus nigricans Ehrenb. that in truth reveal such a habit very clearly 
even on opaque substrata. If finally the clusters figured by Corda 
exceed those of the present fungus in number of conidia, they 
seem hardly less clearly to exceed also the spatial capacity of the 
nodes as illustrated in their denuded state—a circumstance suggest- 
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ing that the distinguished iconographer may have chosen here to 
err on the side of generosity. 

In his brief but fairly unambiguous description of Arthrobotrys 
oligospora, Fresenius properly recognized the larger dimensions 
and unequal partitioning of the piriform conidium of his fungus 
as representing marked departures from the morphology ascribed 
to A. superba. Somewhat unfortunately, in view of subsequent 
developments, he mentioned a less profuse production of conidial 
heads as an important character whereby his fungus was distin- 
guished from Corda’s species; and brought this presumed diag- 
nostic feature more prominently into relief in his choice of a name 
that anyone who has seen the fungus to which it was applied 


growing in pure culture on a favorable substratum, cannot fail to 


consider a singularly unhappy one. In spite of these differences, 
actual and supposed, Fresenius confessed to having harbored mis- 
givings that his fungus might after all be identical with A. superba, 
adding with a hint of suspicion, that in such event it would need to 
be assumed that Corda’s description had in excessive measure 
sacrificed accuracy to artistic effect. 

Coemans (8) after studying some material of Arthrobotrys con- 
cluded that Corda had been inexact in representing the conidia of 
his fungus as consisting of two equal cells. He recognized A. 
oligospora as merely a somewhat depauperate form of A. superba 
bearing not more than three verticillate clusters, with few conidia 
in a cluster. It remains uncertain with which or with how many 
species of Arthrobotrys this investigator may have been dealing. 
His reference to a variation wherein 2-celled, somewhat elongated, 
small conidia (12 to 15 in length) originated from mycelial fila- 
ments, may well have been based on some admixture of material 
with anastomosing germ tubes, referable either to the species 
under consideration or to A. cladodes ; though the possibility that 
very small spores of one of the larger species may have been con- 
cerned, is not to be excluded. Rather curiously, Coemans figured 
a group of conidia having their two component cells no less equal 
to one another than those shown in the illustrations of Corda de- 
nounced by him. Nevertheless, his strong approval of Fresenius’ 
illustrations indicates that probably for the most part he was deal- 
ing with the species described by the German mycologist; the 
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range in spore lengths reported by him, 30 to 40», corroborating 
in a puzzling manner the decidedly high value, 44, mm., or 35.7 p, 
assigned to this dimension in the original description of A. oligo- 
spora. Coemans’ larger illustrations of ‘ 
l’Arthrobotrys superba,” though not noticeably impaired by any 


artistic virtues, show in each of the three specimens figured such 


“spores didymes de 


deep constriction at the septum, which is placed slightly below the 
middle, that identification with one or another of the predacious 
fungi herein discussed is hardly to be attempted. 

The nomenclatorial confusion of Arthrobotrys superba with A. 
oligospora thus initiated, was later promoted effectively through 
the meritorious researches of Matruchot (47). This author ap- 
parently recognized the number of successive conidial clusters as 
the sole difference between the two species as they occur on natu- 
ral substrata. He succeeded several times in isolating typical A. 
oligospora, and observed that +e fungus which on the original 
substratum had normally shown two or three spore clusters devel- 
oped as many as 16 superimposed heads when grown in pure cul- 
ture on moist slices of carrot. Thus misled by the similarity in 
asexual reproductive development of the two species, and appar- 
ently having neither seen plants with generally smaller conidia 
divided into approximately equal segments, nor considered the like- 
lihood of such plants being existant, he reduced A. oligospora to 
the status of a cultural form of the earlier described A. superba. 
While this disposition conserved Corda’s binomial, it transferred 


. . s . . . . 
to his species the morphological characterization of an entirely 
separate congeneric fungus. The application of A. superba in- 


augurated by Coemans and adopted by Matruchot was given wider 
currency on being incorporated in the works of Saccardo (61), 
Massee and Salmon (46) and Lindau (38) ; and has evidently in 
large part at least governed such scattered usage as has subse- 
quently been accorded to the binomial. Thus, in the absence of 
morphological comment, it appears probable that citations of A. 
superba found in such floristic contributions as those of Eisenach 
(21), Smith and Rea (66), Rea (57), Schmidt (63), and Gir- 
zitska (25) were based on specimens of A. oligospora. Lind’s 
(37) separate enumeration of A. superba and A. oligospora fur- 
nishes evidence that this author regarded the two species as being 
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distinct, without however indicating on what grounds the distinc- 
tion was acknowledged. On the other hand, Mahju’s (43) de- 
scription of A. superba, based on material from rabbit dung in 
India, shows such close agreement in morphological detail with 
the nematode-capturing fungi to which I am applying Corda’s 
binomial that its identity with the latter appears altogether prob- 
able. The approximately equal partitioning of the conidia and 
the slight inflation of the sporiferous nodes shown in Berlese’s 
(3) figures of A. arthrobotryoides (Berl.) Lindau (= Tricho- 
thecium roseum var. arthrobotryoides Berl.), together with the di- 
mensions, 20-22 & 9-10», attributed to the conidia, suggest the 
possibility that the Italian author likewise was dealing with Corda’s 
fungus. 

Chlamydospores of the type formed by Arthrobotrys oligospora, 
A. conoides, A. musiformis and Dactylaria thaumasia have never 
been observed either in pure or in nematode-infested cultures of 
A. superba. 

Shortly after the present studies were begun, there were found 
developing in a wormy agar plate culture of Arthrobotrys superba 
about a score of flesh-colored disciform apothecia mostly between 
.5 and .£8 mm. in diameter. Viewed from above these apothecia 
showed individually a central, perceptibly upcurved hymenial re- 
gion, and surrounding it a slightly prominent circular border 
(Fic. 18, R, a). Except for its somewhat slender central stalk, 
each fruiting body rested with its under side flush on the sub- 
stratum. In sections of the hymenium the most nearly mature of 
the cylindrical asci, measuring 29 to 32 » in length and 3.1 to 3.44 
in width, revealed 8 colorless hyaline tear-shaped ascospores about 
5p long and 1.3 wide, the widened ends of the upper spores 
being directed toward the apex, those of the lower spores toward 
the base (Fic. 18, R, b-d). 

As most of the apothecia were slow in maturing, the culture was 
bathed in water for a time in the hope that accumulated staling 
products might thereby be partially removed. This treatment, 
which had previously been found beneficial for the maturation of 
some much hardier Sphaeriaceae, unfortunately resulted in a 


thoroughgoing degeneration of every one of the apothecia, making 
it then impossible to determine the presence or absence of a pleo- 
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morphic connection with the predacious conidial form. The disco- 
mycete has not been seen again, in spite of several attempts to 
recover it by employing various substrata, and by planting different 
strains of Arthrobotrys superba together on the same plate culture. 
At first thought the small size of the ascospores would seem to 
preclude definitely any pleomorphic connection with a fungus de- 
pendent for its nourishment on capture of nematodes, since such 
capture requires in the very beginning a substantial outlay of 
material for the development of predacious apparatus that needs 
to be sturdy as well as of some extent. However, the similarity 
in shape of the ascospores to the endogenous spores of Protascus 
subuliformis Dang. (11) suggests that possibly the sexual spores 
of the predacious Hyphomycetes might begin development in the 
manner usual among parasites, that is, by adhering to the animal, 
penetrating the integument and extending a mycelium through the 
fleshy interior. 


ARTHROBOTRYS CLADODES 


A fungus so similar to Arthrobotrys superba that I first mistook 
it for that species, was repeatedly obtained in nematode-infested 
agar plate cultures to which pinches of leaf mold from deciduous 
woods in Virginia and Maryland had been added. In its vege- 
tative stage there is little to distinguish it from Corda’s species, 
or for that matter, from A. oligospora and A. conoides; a general 
family resemblance to those congeneric forms being evident not 


only in the undifferentiated mycelial hyphae and in the greatly 
enlarged storage filaments often developing tardily (Fic. 2, A), 


but also in the predacious apparatus. For this apparatus consists 
likewise of fused hyphal bails or loops that at the beginning are 
formed singly here and there on the mycelial filaments, but usually 
soon become compounded into more or less extensive anastomosing 
reticular systems (FIG. 2, B, C). Nematodes are captured often 
through mere adhesion to the outer surface of these specialized 
structures (Fic. 2, E), or through adhesion combined with physical 
enmeshment (FIG. 2, D). 

To extend the resemblance, the sparsely scattered conidiophores 
arising from the substratum in nematode-infected cultures present 
much the same appearance as the usually monocephalous conidio- 
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phores produced by Arthrobotrys superba under similar conditions. 
Unlike that species, however, when the fungus is brought into pure 


culture on a favorable medium, as, for example, maizemeal agar, 
it is slow in giving rise to conidiophores. Often no fertile hyphae 
are formed until two or three weeks after the culture was planted— 


at a time, therefore, when in contemporary cultures of A. superba 
conidial production has usually come to an end, and degeneration 
is well under way. The acme of reproductive development is 
ordinarily not reached until four weeks after planting ; examina- 
tion of the conidiophorous turf under low magnification then re- 
vealing an innumerable array of handsome spore clusters, all in 
prime condition like the hyphae supporting them, and offering 
accordingly a very marked contrast to the advanced debilitation 
evident in cultures of A. superba started at the same time. 

Axial elongation of the conidiophores with development of suc- 
cessive spore clusters takes place only rather infrequently ; increase 
in number of heads being made possible, instead, through the pro- 
duction of one (FIG. 2, F) or more (Fic. 2, G, a, c) branches from 
the primary axis. Each of the branches, after giving rise to a 
terminal cluster of conidia, may in turn supply a number of 
fertile elements. Lateral branching, combined often with crowded 
arrangement of the conidiophores on the parent filament (Fic. 2, 
F, H), thus accomplishes here, in part at least, the purpose accom- 
plished in Arthrobotrys superba through repeated elongation. Be- 
sides, the individual heads contain a larger number of spores than 
are ordinarily found at separate nodes in Corda’s species ; the con- 
siderably greater spatial requirements being provided for through 
marked inflation of the sporiferous tips (Fic. 2, H, I, a-g), which 
in the more extreme instances often come to appear as lobulate or 
coralloid enlargements (Fic. 2, H,a;I,a,b,e). A denser capitate 
arrangement is made possible by noticeable tapering in the prox- 
imal portion of many conidia (Fic. 2, J, a-z). If the two cells 
composing the more tapering specimens (Fic. 2, J, d,e,h,i, 0, y, 2 
are often perceptibly unequal, the conidia on the whole yet show 
both in shape and partitioning as also in size much more similarity 
to A. superba than to A. oligospora. Variations in the conidial 
dimensions would seem somewhat less pronounced than in some 
other nematode-capturing Hyphomycetes. The 200 spore meas- 
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urements from which were obtained the relevant dimensional 
ranges and computed averages submitted in the diagnosis—meas- 
urements made on specimens taken at random in equal numbers 
from four different strains growing in pure culture on maizemeal 
agar in Petri dishes—gave a distribution of values for length ex- 
pressed to the nearest micron as follows: 11 yp, 2; 12, 3; 13y, 
20; 144, 55; 15, 71; 164, 42; 17 w, 6; 184, 1; and a distribution 
of values for width as follows: 6 y, 2; 7», 120; 8h, 77; 9p, 1. 

As has been intimated, the fungus, even when producing conidia 
very profusely, only occasionally shows a succession of clusters 
on a repeatedly elongated conidiophore. Its eligibility for inclu- 
sion in Arthrobotrys might therefore be questioned as Corda in 
his definition of the genus specified nodulose “ flocci ” presumably 
of the type found in A. superba. The requirement thus intro- 
duced was retained in the generic diagnosis published by Saccardo, 
according to whose system the corresponding monocephalous forms 
would need to be referred to Cephalothecium. In defining the 
genus Arthrobotrys, Lindau likewise mentioned the presence of 
nodose swellings with conidium-bearing protuberances among the 
characteristics pertaining to the conidiophore. Except for the 
additional attribute of repeated elongation and repeated sporula- 
tion, he regarded Arthrobotrys as virtually identical with Tricho- 
thecium, to which genus he assimilated Cephalothecium and with it 
presumably all monocephalous fungi like the one under considera- 
tion. 

The misunderstanding underlying the slightly variant disposi- 
tions favored by Saccardo and by Lindau will receive attention 
more appropriately in the discussion of Arthrobotrys oligospora. 
It can hardly be a matter of astonishment if these distinguished 
compilers, perhaps neither of whom had ever had occasion to be- 
come very familiar with any species of either Arthrobotrys or 
Trichothecium, should have been somewhat misled by the flow of 
wrong opinion issuing persistently from investigators who had 
studied material of one genus and held it representative of both. 

The predacious fungus illustrated in figure 2 is beyond any 
doubt closely related to Arthrobotrys superba; and no less certainly 
is wholly lacking in intimate relationship to Trichothecium roseum 
Link (= Cephalothecium roseum Corda). It is assigned, there- 
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fore, to the genus typified by the former species, in the hope that 
the slight adjustment in prevailing concept will commend itself to 
students of the group. A term having reference to the branching 
habit of its conidiophores is proposed as specific name. 


Arthrobotrys cladodes sp. nov. 


Mycelium effusum; hyphis hyalinis septatis, plerumque 2-74 crassis, 
subinde usque 11 crassis protoplasmatis confertim repletis, laqueos tenaces 
arcuatos vel circulares in reticula saepe conjunctos evolventibus; his laqueis 
vermiculos nematodeos illaqueantibus, deinde tum integumentum perforanti- 
bus, tuber mortiferum intrudentibus, hyphas intus evolventibus quae carnem 
exhauriunt. Hyphae fertiles hyalinae, erectae, septatae, ramosae, 200-400 u 
altae, basi 4-7 crassae, sursum paulo fastigatae, subter apicem 2.544 
crassae, apice verrucosae irregulariter dilatatae modo globosae modo coral- 
loideae 5-30 conidia in capitulum confertum aggregata ferentes. Conidia 
hyalina, ellipsoidea vel elongato-obovoidea, ad septum subinde paulo con- 
stricta, 11-18 (saepe circa 14.7) longa, 6.2-8.8 (saepe circa 7.3) lata, 
loculis duobus inter se nunc aequalibus nunc inaequalibus, loculo superiore 
interdum majore rarius minore quam loculo inferiore. Chlamydosporae 
ignotae. 

Vermiculos nematodeos diversos vulgo usque .5 mm. longos laqueans con- 
sumensque habitat in humo silvestri, in Arlington, Virginia, atque prope 
Beltsville et Cumberland, Maryland. 


Mycelium spreading ; vegetative hyphae hyaline, septate, except 


for occasional storage filaments that are densely filled with proto- 
plasm and up to 11 » wide measuring mostly 2 to 7 » in diameter, 
often especially in the presence of nematodes giving rise to hyphal 
bails and loops, which, though at first discrete, are later frequently 
compounded into more or less extensive networks; the bails and 
networks capturing nematodes through adhesion and entanglement, 
perforating the integument of each animal and intruding one or 
more globose mortiferous excrescences from which are extended 
assimilative hyphae to appropriate the fleshy contents. Conidio- 
phores hyaline, erect, septate, frequently more or less branched, 
200 to 400 » high, 4 to 7 » wide at the base, tapering gradually up- 
ward to a width of 2.5 to 4 below the irregularly expanded, glo- 
bose or somewhat coralloid tip whereon are borne 5 to 30 conidia 
in usually dense capitate arrangement. Conidia hyaline, ellipsoid 
or elongate obovoid, mostly 11 to 18 » (average 14.7 ») long, 6.2 to 
8.8 » (average 7.3 ») wide, uniseptate, the upper cell often approxi- 
mately of the same size as the lower or slightly larger, but occa- 
sionally somewhat smaller. Chlamydospores not known. 


Capturing and consuming nematodes commonly measuring up 
to .5 mm. in length and mostly referable to the genera Acrobeles, 
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Acrobeloides, Cephalobus, Diplogaster, Diploscapter, Plectus and 
Rhabditis, it occurs in leaf mold near Beltsville, Md., near Cumber- 
land, Md., and in Arlington, Va. 


ARTHROBOTRYS OLIGOSPORA Fres. 


Of all predacious fungi Arthrobotrys oligospora is undoubtedly 
by far the most widely known among mycologists. Its ready ap- 
pearance on a wide variety of decaying vegetable materials as well 
as on the dung of many wild and domestic animals, following incu- 
bation in a damp chamber, has made it a familiar object to the 
numerous investigators who have devoted attention to the sapro- 
phytic, and often more particularly to the coprophilous flora of 
their respective localities. After addition of small masses of de- 
composing refuse to nematode-infested agar plate cultures, it 
makes its appearance not only more frequently than any other of 
the related predacious forms, but perhaps in larger quantity than 
all the other predacious forms taken together. Indeed, its prompt 
and rapid development in such cultures, by bringing about an early 
and usually tremendous reduction in the supply of eelworms avail- 
able for slower-growing forms, often operates in an annoying 
manner to conceal the true content of nematode-destroying micro- 
organisms present in materials under study. 

The vegetative filaments of the fungus show the disposition 
usual for members of the series : being arranged somewhat radially 
in a fairly compact mycelium when developing in pure culture on 
agar media; but in nematode-infested cultures only sparsely per- 
meating the substratum and bearing predacious apparatus in seem- 
ingly haphazard distribution. This apparatus, consisting of hyphal 
bails that are first discrete but later usually are compounded into 
more or less extensive networks (Fic. 3, A—D), closely resembles 
that produced under similar conditions by Arthrobotrys superba 
and A. cladodes, except that in the present species the bail-like ele- 
ments often appear a little rangier and the meshes correspondingly 
a little wider. Woronin (71) first gave a descriptive account of 
the hyphal bails and networks, without, however, offering any 


explanation as to their use. Their special function in the capture 
of nematodes was later capably set forth by Zopf in the classical 
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memoir wherein also, though less plausibly, was given an intima- 


, 


tion of similar utility in the “conidia” of his Monosporidium 
repens. Despite the unescapable suggestion in the operation of 
the supposed conidia of some other mode of prehension, the efficacy 
of the predacious organs formed by A. oligospora was imputed en- 
tirely to physical entanglement. Actually, of course, in this as in 


other retiary species, the secretion of an adhesive substance is 


exceedingly important in the capture of nematodes. Soon after 


capture is effected the animal’s integument is perforated, and one 
or more mortiferous bodies are intruded, from which assimilative 
hyphae are extended through the fleshy interior (Fic. 3, E, F, G). 

Though Zopf included an adequate account of the remarkable 
biological relationships of Arthrobotrys oligospora in his general 
treatise on fungi (73), his discoveries evoked surprisingly little 
response at the time. Matruchot somewhat casually referred to 
Zopf’s fungus as a strain of A. oligospora living parasitically on a 
species of nematode, without betraying any hint of recognition 
that the parasitism in question twas anything but commonplace. 
Possibly, indeed, the true distinctiveness of the biological relation- 
ship represented here could not be fully appreciated until an analo- 
gous instance was brought to light in the discovery by Sommer- 
storff more than two decades later of his Zodphagus insidians, an 
aquatic phycomycete subsisting through the capture of rotifers. 
Both in the excellent original descriptive account (67) of this 
fungus and in a shorter interpretative communication (68), Som- 
merstorff appropriately recalled A. oligospora, as did also Mirande 
(48) and Gicklhorn (24) in later publications on Z. insidians. .A 
continuing interest in carnivorous and predacious fungi subse- 
quently inspired a review-article by Kostka (36) wherein Zopf’s 
observations on A. oligospora were rather fully set forth, together 
with relevant speculations that appear of moment more particularly 
from a discerning prediction that further research might show ad- 
hesive material operative in the capture of prey. Brief statements 
at second hand, concerning the predacious action of the same 
fungus were given in recent years by Goffart (26) and Stehli (69). 
In the meantime a serious lack of corroborative testimony had been 
corrected when from observations at first hand Rahm (56) noted 
that moss-inhabiting eelworms belonging to species of Tylenchus 
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and of Mononchus became abundantly entangled in hyphal bails 
of the fungus; entanglement being followed by invasion of the 
captives, fatty degeneration of their soft structures, and death. 
Additional records of A. oligospora in predacious relationship have 
since been supplied by Sherbakoff (64) and Linford (40). Of 
kindred interest is Korab’s (35) inclusion of the fungus among the 
parasites destructive to cysts of the sugar beet nematode, Hetero- 
dera Schachtii Schm., in Russia. 

After its predacious apparatus has for some time been operative 
in nematode-infested maizemeal agar-plate cultures, Arthrobotrys 
oligospora gives rise to sporophores that in the aggregate often be- 
come visible to the naked eye as a sparse downy turf. Individually 
these are sturdy structures, often divided by 3 to 8 cross-walls, 
measuring mostly 7 to 10 » at the base and tapering gradually up- 
ward to a diameter of 4 to 6.5 below the first head of conidia, 
which is commonly formed at a height of 350 to 450 », though in- 
stances of heads formed at lesser heights are to be found (Fic. 3, 
H, I). Development may cease with the production of one head, 
or through repeated elongation of the axis several more heads may 
be added successively ; conidiophores with four or a greater num- 
ber of clusters being, however, not frequent in such material. The 
conidia thus produced (Fic. 3, L, a, c, d, g, i, k, m, n) are plump, 
obovoid bodies, mostly 22 to 32 » long and 12 to 20 » wide, meas- 
urements of 100 specimens taken at random giving values of 26.6 


and 15.8, for average length and average width respectively. 


In pure culture on suitable media, as, for example, maizemeal 
agar, sporulation is much more profuse. If care is taken to re- 
duce normal evaporation the individual conidiophores continue to 
develop successive conidial heads, so that in six weeks fertile 
hyphae weighted down horizontally with 20 to 30 spore clusters 
are piled on one another to form a loosely matted aerial tangle. 
Usually the conidiophores here are somewhat less stout than when 
arising from wormy substrata, measuring mostly 6 to 8» in width 
at the base, and diminishing to a width of 4 to 5.5 » in the sporif- 
erous portion (FIG. 3, J, K). The conidia, too, are smaller than 
those produced on nematode-infested media, measurements of 100 
specimens taken at random showing a range in length of from 18 
to 30 w, and a range in width of from 10 to 15 », and yielding com- 
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puted averages of 23.3% and 12.6 for these dimensions respec- 


tively. When agar plate cultures are exposed in a manner to 
permit free evaporation, the increasingly dry conditions that then 
come about are reflected in progressive reduction in size of the 
conidia produced as sporulation gradually comes to an end. 

The differences in reproductive habit and conidial dimensions 
associated with development on wormy agar media as compared 
with reproductive habit and dimensions associated with develop- 
ment in pure culture, represent approximately the morphological 
differences indicated as separating Arthrobotrys superba var. oligo- 
spora from typical A. superba by those authors who identified the 
present fungus with Corda’s species, and accordingly subsumed 
material with few heads as a variety thereof. Among these au- 
thors, Saccardo (61) indicated for the conidia of A. superba a 
length of 20 to 26, and a width of 12 to 15; whereas the cor- 
responding dimensions of A. superba var. oligospora were given 
as being 23 to 27 » and 14 to 17 respectively. Again, Lindau 
indicated for the conidia of A. siperba a length of 20 to 26» and 
a width of 13 to 15; for those of A. superba var. oligospora a 
length of 23 to 28 » and a width of 14 to 19. It is not surprising 
that development on wormy agar should be much the same as on 
dung or on decaying plant remains, since on any of these substrata 
the fungus must live exclusively on the nematodes infesting them 
—a food supply often very abundant for a time but locally subject 
to serious reduction, or even to virtual depletion, after a relatively 
short period of exploitation. In any case, if the values given by 
Loew (42) for conidial dimensions, 25 to 30 for length and 14 
to 18, for width, or those given by Oudemans (52), 28, for 
length and 16 to 19, for width, or those given by Grove (29), 
30 w for length and 15 » for width, appear considerably larger than 
the corresponding values, 20 » and 15 » respectively, mentioned by 
Matruchot, an explanation for the difference may be found in the 
circumstance that Loew and Oudemans like Grove used natural 
substrata, whereas Matruchot studied the fungus in pure culture 
on sliced carrots. On the other hand, the value for length of 


43 mm. or 35.7 w, given by Fresenius, and also the range 


conidium, 1 
for this dimension, 30 to 40 », submitted by Coemans, would seem 
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somewhat higher than might be expected even in material from 
natural substrata such as these writers studied. 

From Arthrobotrys superba and A. cladodes, the two species 
previously discussed, A. oligospora is distinguished not alone by 
generally greater conidial dimensions, but also, and perhaps more 
especially by the inequality in size of the two segments into which 
its conidium is typically divided. The cross-wall delimiting the 


segments is placed at a distance from the base varying mostly from 
one-third to two-fifths of the length of the spore. As the distal 


cell is therefore longer than the basal cell, besides being wider be- 
cause of the obovoid shape of the spore, its volume may well be 1.5 
to 3 or occasionally even 4 times that of the proximal segment. In 
Massee’s (45) figures of his A. rosea similar proportions between 
basal and distal cells are revealed. Indeed, except for the acutely 
pointed shape of the “minute spicules arranged in a spiral, to 
which the conidia are attached,” Massee’s description fits 4. oligo- 
spora so well that few would disagree with Matruchot in consid- 
ering A. rosea identical with the older species of Fresenius. Ap- 
parently the description was written without any knowledge of 
Fresenius’ publication, yet is deserving of commendation in distin- 
guishing the fungus under consideration from A. superba on the 


‘ 


proper ground that the latter has “oblong conidia divided into 
,equal parts by the septum.” Possibly another and much more 
questionable synonomy might be inferred from Preuss’ description 
(54) of the spores of his A. recta as being obovoid—the remainder 
of the diagnosis, which antedates that of Fresenius, being, how- 
ever, so lacking in specific characterization that positive reference 
to any particular fungus seems definitely out of the question. 

A troublesome misconception, referred to previously, concerning 
the relationship of the genus Arthrobotrys to Trichothecium (in- 
cluding Cephalothecium) has long persisted through an obstinate 
confusion of A. oligospora with T. roseum Link. Rather curi- 
ously the confusion was initiated after the morphological char- 
acteristics distinguishing the two genera had been adequately set 
forth. After Corda in 1839 had described the arrangement of 
conidia on the conidiophore in A. superba very graphically and with 
regard to the more essential points, quite correctly, Fresenius made 
known a similar arrangement and development in A. oligospora. 
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Hoffmann (32) in 1854 described sporulation in T. roseum to pro- 
ceed, following delimitation of a first terminal spore, by production 
of lateral outgrowths from successively lower portions of the 
fertile hypha, each outgrowth and associated axial portion being 
in turn converted into a conidium. The next year Bail (1) con- 
firmed Hoffmann’s description, characterizing the arrangement of 
the spores in T. roseum as an alternately spicate one which on 
casual examination simulates a verticillate arrangement. Then in 
1866 Miinter (49) published an account of a Hyphomycete that 
gave rise to heads of conidia approximately after the manner 
described by Hoffmann; but apparently not being aware of either 
Hoffmann’s or Bail’s contribution, he insisted on identifying his 
fungus with A. oligospora. The morphological departures from 
the description of the latter species Minter held attributable to 
faulty observation on the part of Fresenius! Corroboration of 
Miinter’s findings soon appeared in a paper by Loew (41), which 
represented spore development like that set forth by Hoffmann 
taking place in a fungus recognized as entirely similar to Munter’s, 
and likewise referred, though with expressed misgivings, to A. 


oligospora. De Bary (2) thereupon pointed out that the studies 


reported by Minter and Loew had not been carried out on A. 
oligospora, nor indeed, on any species of Arthrobotrys at all, but 
on the widely distributed T. roseum. With this altogether suffi- 
cient explanation Karsten (34) promptly took issue, asserting that 
the fungus growing out of material received from Munter showed 
under appropriate cultivation a succession of spore clusters and 
development of spore pedicels just as had been described by Frese- 
nius. He concluded therefore that Mtnter’s fungus was identical 
with A. oligospora; which species, however, he considered as repre- 
senting not a member of the genus Arthrobotrys, but a variety of 
T. roseum. In 1870 Woronin again presented De Bary’s argu- 
ments to the effect that Loew’s as well as Miinter’s conclusions 
were wrong, being based on T. roseum rather than on true A. 
oligospora. Nevertheless Harz (30) a year later came forward 
with a view not dissimilar from Karsten’s, holding that Fresenius 
had erroneously assigned a luxuriant form of T. roseum with re- 
peated spore clusters to Arthrobotrys; and accordingly cited T. 
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roseum together with A. oligospora and A. superba B oligospora in 
an impressively copious synonomy. 

It remains to Loew’s credit that after his earlier contribution 
had thus been given confirmation of a sort, he (42) emended his 
position as a result of studies on material of true Arthrobotrys 
oligospora which he had in the meantime acquired. He now quite 
understandably agreed with the views of De Bary and of Woronin 
bearing on the identity of the fungus previously studied by himself 
and Minter, and on the separateness of that fungus from A. oligo- 
spora. The repeated conidial heads and the sterigmata reported 
by Karsten he explained through the presumption that this author 
had dealt with a mixture of A. oligospora and T. roseum. 

Constantin (9) in 1888 confirmed from personal observation the 
distinction drawn by De Bary, by Woronin and by Loew between 
Arthrobotrys oligospora and Trichothecium roseum. Yet even 
during the same year the two genera typified in these species were 
again confused when Berlese (3) described under the name 7. 
roseum var. arthrobotryoides a fungus that obviously was a true 
Arthrobotrys whether referable to A. oligospora as Matruchot con- 
sidered certain, or to A. superba as appears to me about equally 
possible. Though Matruchot’s memoir, which appeared four years 
later and was based on extensive comparative studies wherein pure 
cultures were employed, may have been mischievous in erroneously 
assimilating A. oligospora to A. superba, it nevertheless should 


. . s . . . . 
have laid any lingering doubt concerning the wide difference in 


morphology of conidial apparatus between the former species and 
T. roseum. Still, two decades later, Grove (29) mentioned A. 
oligospora and T. roseum in a list of probable synonyms that in- 
cluded notably also T. obovatum Sacc. and A. superba; holding 
that nothing but cultures under diverse conditions could decide 
whether the names cited apply to different species or to varying 
states of one species. In 1918 Elliott (22), apparently not cog- 
nizant of similar earlier studies, described anew from observations 
at first hand the course of conidial development in T. rosewm. 
Again, in more recent times, Reinhardt (58), though fully in- 
formed of earlier contributions on the subject, considered it far’ 
from superfluous to submit an illustrated account of spore forma- 
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tion in the same fungus, contrasting its successive basipetal course 
with the truly capitate development in A. oligospora. 

In view more particularly of the suggestion made by Grove, | 
took occasion to grow in pure culture on several artificial media 
two strains of T. roseum originally isolated from apple fruits af- 
fected with pink rot. The cultures prepared in this way showed 
only the most superficial outward similarity to parallel cultures of 
Arthrobotrys oligospora. Microscopic inspection revealed the 
characteristic development of conidia repeatedly described in the 
literature. Conidial apparatus and vegetative mycelium were 
equally lacking in the intimate family resemblance to A. oligospora 
that unmistakably comes to light in members of the predacious 
series, often despite pronounced differences in reproductive habit. 
When large pieces cut from agar plate cultures of T. roseum were 
placed on agar cultures abundantly infested with nematodes, 
Amoebae and shelled rhizopods, no predacious qualities of any 
kind were ever manifested. In fine, a clear impression was left 
that T. roseum is not only distinct from A. oligospora as a species, 
but is alien to the series, and therefore definitely more remote than 
are, for example, the fungi I described earlier as Pedilospora dac- 
tylopaga (16) and Dactylella passalopaga (20). And assuredly, 
Vanha’s (70) citation of Trichothecium as a fungus capturing 
nematodes in the soil must have been based on some species other 
than 7. roseum. 

Chlamydospores, first reported in the fungus, though apparently 
in somewhat immature condition, by Woronin, and later fully 
described by Zopf (72), regularly make their appearance in old 
cultures, whether these be pure or infested with nematodes. When 
mature they have usually a distinctly yellow color. They show 
considerable variety in shape, some being mostly cylindrical (Fic. 
3, N, a), others subspherical (Fic. 3, N, c) and still others ellipsoid 
(ric. 3, N, b; O, a,b). The enveloping wall usually shows two 
layers, a thin outer layer presumably consisting of the original 
hyphal membrane, and rather closely adnate to it, a thick inner 
layer marked with a deep central pit at each of the ends. 


























DRECHSLER: HYPHOMYCETES 473 


ARTHROBOTRYS CONOIDES 


Of the several congeneric forms dealt with herein, the one 
morphologically most similar to Arthrobotrys oligospora was re- 
ferred to and figured in an earlier summary (12: p. 138, lines 
31-34; p. 139, fig. 3, A-C) as bearing longer conidia with char- 
acteristically tapering basal cells. It has been found especially 
frequently in decaying plant refuse from greenhouses, as also in 
débris of similar nature accumulating in meager quantity under 
potted house plants. Though apparently of somewhat less abun- 
dant occurrence out of doors, it has yet developed in many nema- 
tode-infested plate cultures to which had been added pieces of 
decaying roots of herbaceous field plants or pinches of leaf mold 
from deciduous woods. 

The mycelium of the fungus has much the same appearance as 
that of Arthrobotrys oligospora. In nematode-infested agar plate 
cultures the vegetative filaments are sparsely extended to produce 
here and there hyphal bails that often become compounded into 
more or less rangy networks (Fic. 4, 4, B). Under moist condi- 
tions the animals are held, sometimes in enormous numbers, largely 
through adhesion to the anastomosing elements (FIG. 4, C); en- 
tanglement becoming necessary to effect capture, at least of the 
larger and more vigorous prey, under drier conditions (Fic. 4, D). 
The killing of the eelworms by intrusion of globose structures, and 
appropriation of their fleshy substance by assimilative hyphae aris- 
ing from the globose bodies, ensues as in the forms already dis- 
cussed. 

Tall conidiophores are produced on wormy agar media, occa- 
sionally in such numbers as to become visible to.the naked eye as 
a fine downy growth. They usually conclude their development 
with the production of a single terminal conidial head, often con- 
taining 20 to 30 spores in compact arrangement (Fic. 4, E). In 
pure culture on maizemeal agar, with evaporation reduced to pre- 
vent early drying out of the substratum, the conidiophores continue 
development by repeated elongation and successive production of 
5 to 10 additional spore clusters. The individual clusters in series 
thus produced ordinarily consist of fewer conidia than the single 
heads on fertile hyphae arising from wormy substrata ; the capitate 
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arrangement being, of course, correspondingly looser (Fic. 4, F). 
Denuded conidiophores show modification of the sporiferous parts, 
whether terminal or intercalary, commensurate with the number of 
spores that had been formed thereon (Fic. 4, G, H). 

Arrangement of the conidia in compact heads is facilitated by 
their distinctive conformation. Comparison of the values pertain- 
ing to conidial dimensions in the diagnosis below, which were de- 
rived from measurements of 200 specimens taken at random, with 
the homologous values for Arthrobotrys oligospora, shows con- 
siderably greater length and appreciably lesser width in the conidia 
of the present species (F1G. 4, /, a-z). Associated with these dif- 
ferences is a pronounced tapering toward the base, whereby the 
conidium is given on obconical shape, modified, to be sure, by the 
broad rotundity of the apex and a noticeable constriction at the 
septum. 

Like other retiary species of Arthrobotrys, the fungus in aging 
cultures often gives rise to some greatly distended storage hyphae. 


These hyphae may remain filled with protoplasm long after other 


filaments have lost their contents (Fic. 4, J). In older cultures, 
too, chlamydospores not differing much in coloration, shape and 
size from the corresponding bodies of A. oligospora, are often 
formed. For the most part well scattered through the substratum 
(Fic. 4, K-O), they sometimes appear crowded here and there, 
then collectively becoming visible to the naked eye as minute yel- 
low masses. 

Though of less frequent occurrence than Arthrobotrys oligo- 
Spora the fungus can hardly have escaped observation by all of 
the many mycologists that have studied the microscopic flora of 
decaying vegetable materials. When encountered it must in all 
probability have been identified usually with Fresenius’ species. 
Indeed, the possibility even suggests itself that the value for length 
of conidium given by Fresenius may have been derived from an 
admixture of the present species with the one which unmistakably 
he illustrated. Rostrup (60) recently listed under the binomial 
A. longispora Preuss a species with conidia 27 to 32 in length 
and 7 to 11 » in width; the ratio of these dimensions, 3.3, being 
held, justifiably enough, to distinguish the species from the sup- 
posedly similar A. superba, to which a corresponding ratio of 1.5 
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was attributed. My fungus, while agreeing well with Rostrup’s 
in length of conidium, exceeds it rather markedly in width of 
conidium ; wherefore the ratio between the averages of the two 
dimensions, 2.5, naturally falls below that given by the Danish 
mycologist. In any case the original diagnosis of A. longispora 
given by Preuss (55) would seem, like his diagnosis of A. recta, 
too deficient in specific characterization to permit application of 
the binomial to any particular species; and certainly, “ floccis sub- 
ramosis ” and “ sporis oblongis ” provide little encouragement for 
its application to the species under consideration. 

The fungus as developing in nematode-infested agar cultures 
has on many occasions been compared side by side with similar 
material of Arthrobotrys oligospora. Further, as opportunity of- 
fered during four years, more than a dozen strains of the two 
species, each strain isolated from a separate lot of vegetable refuse 
or of leaf mold, have been grown side by side in pure culture on 
several kinds of artificial media. Numerous variations in morpho- 


logical expression, some evidently of a genetic nature, others mani- 


festly of cultural origin, were noted. Yet in all its strains the 
fungus with the more slender, obconical conidia and the somewhat 
slower rate of mycelial extension at a temperature of 25° C., was 
always readily distinguishable from the faster growing fungus with 
the broader obovoid conidia. It is accordingly described as a new 
species under a name intended to be descriptive of its characteristic 
conidia. 


Arthrobotrys conoides sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, plerumque 2-84 crassis, 
subinde usque 12 crassis protoplasmatis confertim repletis, laqueos tenaces 
arcuatos vel circulares in reticula saepe conjunctos evolventibus; his laqueis 
vermiculos nematodeos illaqueantibus, deinde tum integumentum perforanti- 
bus, tuber mortiferum intrudentibus, hyphas intus evolventibus quae carnem 
exhauriunt. Hyphae fertiles hyalinae, septatae, erectae, simplices, primo 
150-400 » altae, basi 4-8 crassae, sursum paulo fastigatae, subter apicem 
2.5-5 crassae, apice verrucosae, irregulariter dialatatae, modo globosae 
modo coralloidae, usque 30 conidia in capitulum confertum aggregata feren- 
tes, deinde identidem recrescentes alia similia vel laxiora capitula singulatim 
deinceps gerentes. Conidia hyalina, obconica, basi truncata, apice rotundata, 
ad septum paulo constricta, 19-42 (saepe circa 30) longa, 8-15 (saepe 
circa 12) lata, loculo inferiore 8-17 » (saepe circa 12.5) longa. Chlamy- 
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dosporae flavidae, globosae vel ellipsoideae, 18-25 » diametro, subinde angus- 
tiores, oblongo-clindraceae, 30-50 u longae, circa 15 ™ crassae. 

Vermiculos nematodeos multarum specierum vulgo usque .6 mm. longos 
laqueans consumensque habitat in materiis plantarum putrescentibus vel in 
humo silvestri foris vel praecipue abunde in viridario, in Arlington, Virginia, 
atque prope Beltsville, Maryland. 


Mycelium spreading ; the vegetative hyphae hyaline, septate, ex- 
cept for occasional storage filaments that are densely filled with 
protoplasm and up to 12 wide, measuring mostly 2 to 8 » in di- 
ameter, often, especially in the presence of nematodes, giving rise 
to hyphal bails and loops, which though at first discrete are later 
frequently compounded into more or less extensive networks ; the 
bails and networks capturing nematodes through adhesion and en- 
tanglement, perforating the integument of each animal and intrud- 
ing one or more globose mortiferous excrescences from which are 
extended assimilative hyphae to appropriate the fleshy contents. 
Conidiophores hyaline, erect, septate, usually not branched, mostly 
4 to 8 wide at the base, tapering gradually to a width of 2.5 to 
5 w in attaining a height of 150 to 400 » before bearing on a globose 
or more irregularly expanded tip as many as 30 conidia in dense 
capitate arrangement; subsequently often, following repeated 
elongation, giving rise successively to additional clusters of conidia. 
Conidia hyaline, obconical, somewhat flattened at the base, broadly 
rounded at the tip, usually perceptibly constricted at the septum, 
19 to 42 » (average 30») long, 8 to 15 (average 12 4) wide, the 
lower cell measuring 8 to 17 » (average 12.5) in length. Chla- 
mydospores yellowish, globose or prolate ellipsoidal, 18 to 25m in 
diameter, or sometimes narrower, oblong-cylindrical, 30 to 50» 
long and approximately 15 » wide. 


Capturing and consuming nematodes measuring up to .6 mm. 
in length, referable to the genera Acrobeles, Acrobeloides, Cephalo- 
bus, Diplogaster, Diploscapter, Plectus and Rhabditis, it occurs in 
decaying plant remains and in leaf mold, often outdoors but espe- 
cially abundantly in greenhouses, near Beltsville, Md., and in 
Arlington, Va. 


ARTHROBOTRYS MUSIFORMIS 


Among the predacious fungi closely similar to Arthrobotrys 
oligospora that were referred to in an earlier summary was one 
characterized (12: p. 138, lines 34-36; p. 139, fig. 4, A) in part 


‘straight or slightly curved elongated ellipsoidal conidia 


as having 
borne in looser capitate arrangement on a terminal head of stubby 
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branches.” It was first observed in isolation plate cultures planted 
with pieces of decaying spinach (Spinacea oleracea L.) roots col- 
lected near Norfolk, Va.; and has later been obtained in quantity 
also from samples of potting soil received from Florida, as well as 
from several lots of leaf mold collected in deciduous woods in Vir- 
ginia. Recently Linford recorded it among various nematode- 
capturing fungi found in Hawaii. 

In nematode-infested agar plate cultures the mycelium permeates 
the substratum rapidly though rather sparsely. Predacious appa- 
ratus is soon produced at irregular intervals on the individual fila- 
ments. Though of the same general type as that of the four spe- 
cies of Arthrobotrys already discussed, it is sufficiently distinctive 
to permit recognition of the fungus even in the absence of repro- 
ductive structures. The recurved hyphal element here usually 
anastomoses closer to its origin than in other retiary species, and 
often, indeed, the tip is united with a proximal part of the ele- 
ment itself (Fic. 5, A, a, b; B, a). Thus instead of bail-like 
arches, horseshoe-like arches and-annular loops are formed, the 
latter sometimes slightly resembling the constricting rings found 
in some nematode-capturing fungi. Through the compounding 
of these elements, networks are produced (Fic. 5, A, c; F, a), 
which in the present species, however, ordinarily fail to attain the 
extent and intricacy known elsewhere. 

Capture of nematodes, sometimes in enormous numbers, is ac- 
complished, especially under dry conditions, combinedly through 
adhesion and entanglement in the anastomosed elements (Fic. 5, 
B, b); under moist conditions, and more particularly with small 
animals, often through adhesion alone (Fic. 5,C). In either case, 
after the integument has been narrowly penetrated, one or more 
globose bodies are intruded into the captive, which is thereby soon 
rendered incapable of further struggle. Assimilative hyphae are 
then extended from the globose bodies lengthwise through the in- 
terior of the animal, to appropriate the materials resulting from 
fatty degeneration of its organs and musculature. 


The fungus is very readily isolated, and grows rapidly in pure 


culture on maizemeal agar, producing a fairly dense mycelium, and 
strongly giving off the peculiar, somewhat sickeningly sweetish 
odor characteristic of the predacious series generally. As also on 
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nematode-infested substrata, conidial apparatus is soon developed, 
usually in sufficient quantity to form a downy turf readily visible 
to the naked eye. In stature the individual conidiophores resemble 
those of Arthrobotrys oligospora and A. conoides. However, a 
very distinctive appearance results from the arrangement of the 
conidia in a loose terminal head (ric. 5, D; E, a) ; the spores here 
being borne on stubby sterigmata of appreciable length that di- 
verge in various directions from the tip of the axial stalk (Fic. 5, 
E, b; F, b; G; H; I). Production of more than a single co- 
nidial cluster on one axis has never been observed. 

The conidia (Fic. 5, J, a-z) are of a shape not greatly unlike 
that of the plump asexual spores often produced on artificial media 
by the widely familiar Helminthosporium sativum P. B. & K.; 
though a noticeable protrusion of the base, not usual in the grass 
parasite, gives them a profile reminiscent rather of banana (Musa 
sapientum L.) fruit, thereby suggesting the name proposed for 
the species. Their dimensional variations would seem, for the 
most part, more moderate than might be inferred especially from 
the wide range in length indicated in the diagnosis. The 200 
spore measurements from which were obtained all the relevant 
metrical data there presented—measurements made on specimens 
taken at random in equal numbers from four different strains 
growing in nematode-infested maizemeal agar cultures—gave a 
distribution of values for length expressed to the nearest micron 
as follows: 22, 1; 25y, 1; 26y, 1; 27 p, 2; 28y, 3; 29, 10; 
30 w, 9; 31 pw, 19; 32 yp, 20; 33 w, 26; 34, 25; 35 py, 13; 36p, 20; 
37 w, 18; 38 pn, 14; 39, 7; 40 pn, 4; 41 pw, 2; 42 pn, 3; 43 yp, 1; 444, 
1; a distribution of values for width as follows: 8 yu, 4; 9p, 18; 
10», 77; 1l yp, 79; 12, 21; 13, 1; and a distribution of values 
for length of the proximal cell as follows: 8», 1; 9», 4; 10 p, 206; 
Il p, 54; 12 p, 62; 13 p, 31; 144, 12; 15,9; 16y, 1. It is evi- 
dent that on the whole the conidial measurements here appreciably 
exceed those submitted by Rostrup (60) for his Arthrobotrys 
longispora; though the ratio of length to width, using the aver- 
ages computed for these dimensions, agrees well with the corre- 
sponding ratio given for the Danish fungus. In any case the pres- 
ent species is so conspicuously different from A. superba in the 
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general appearance of its conidial apparatus, that it hardly could 
have been the form with which Rostrup was concerned. 

Germination takes place whenever conidia come in contact with 
a moist substratum (FIG. 5, K), and is often followed by anastomo- 
sis with sporophores, mycelial filaments, other germ tubes, or other 
conidia (Fic. 5, L). In old cultures, after such vegetative union, 
a conidium sometimes gives rise to a yellowish chlamydospore 
within its distal segment (Fic. 5, S, 7). Chlamydospores pro- 
duced within conidia are generally smaller than those formed on 
lateral branches arising from vegetative filaments in the sub- 
stratum (Fic. 5, M-R); these being remarkable, besides, in the 
wide separation of the enveloping wall into a somewhat folded, 
thin, outer layer and a thick, smooth, spherical inner layer. This 
separation, together with the inflated condition of the adjacent 
cell, makes for an appearance more than a little suggestive of the 
sexual apparatus of some oOmycetes. 


Arthrobotrys musiformis sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, plerumque 2-94 crassis, 
laqueos tenaces arcuatos vel circulares in reticula interdum conjunctos 
evolventibus; his laqueis reticulisque vermiculos nematodeos illaqueantibus, 
deinde tum integumentum perforantibus, tuber mortiferum intrudentibus, 
hyphas intus evolventibus quae carnem exhauriunt. Hyphae fertiles hyalinae, 
septatae, erectae, simplices, 200-500 u altae, basi 5-9 u crassae, sursum paulo 
fastigatae, subter apicem 2.54 u crassae, apice brevi-ramosae, 5-15 conidia in 
capitulum laxum ferentes. Conidia hyalina, ellipsoidea, ad basin versus paulo 
attenuata, recta vel leviter curvata, 22-44 (saepe circa 33.9) longa, 
7.5-12.7 uw (saepe circa 10.4) lata, loculo inferiore 8-16.4u (saepe circa 
11.7“) longo. Chlamydosporae flavidae, globosae vel interdum ellipsoideae, 
14-22 (saepe circa 17.5) diametro. 

Vermiculos nematodeos multarum specierum vulgo usque .6 mm. longos 
laqueans consumensque habitat in radicibus putrescentibus S/pinaciae 
oleraceae prope Norfolk, Virginia, in humo pingui prope Coconut Grove, 
Florida, in humo silvestri prope Beltsville, Maryland, atque in Arlington, 
Virginia. 

Mycelium spreading; the vegetative hyphae hyaline, septate, 
mostly 2 to 9 » wide, often, especially in the presence of nematodes, 
giving rise to horseshoe-like hyphal arches and loops that may re- 
main discrete, or in numbers not usually exceeding 6 may be com- 
pounded into networks—the individual circular loops mostly com- 
posed of 3 to 5 arcuate cells surrounding an aperture 15 to 25 
wide; the loops and networks capturing nematodes through ad- 
hesion and entanglement, perforating the integument of each ani- 
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mal and intruding one or more globose mortiferous excrescences 
from which are extended assimilative hyphae to appropriate the 
fleshy contents. Conidiophores hyaline, septate, erect, not 
branched below, 200 to 500, high, 5 to 9m wide at the base, 
tapering upward gradually to a width of 2.5 to 4 near the tip, 
where are borne on divergent, slightly tapering, simple or branched 
sterigmata, mostly 2 to 3 » wide and 3 to 10 long, usually 5 to 15 
conidia in loose capitate arrangement. Conidia hyaline, ellipsoid, 
straight or slightly curved, broadly rounded at the wider distal 
end, tapering noticeably toward the slightly protruded base, 22 to 
44» (average 33.9) long, 7.5 to 12.74 (average 10.4) wide, 
the lower and smaller cell 8 to 16.4 (average 11.7) long. 
Chlamydospores yellow, globose or less frequently ellipsoidal, 
mostly 14 to 22 » (average about 17.5) in diameter. 

Capturing and consuming nematodes measuring up to .6 mm. in 
length, referable to the genera Acrobeles, Acrobeloides, Cephalobus, 
Diplogaster, Diploscapter, Plectus and Rhabditis, it occurs in de- 
caying spinach roots near Norfolk, Va., in potting soil near Coco- 
nut Grove, Fla., and in leaf mold near Beltsville, Md., and in 
Arlington, Va. ; 


ARTHROBOTRYS DACTYLOIDES 


The strangling predacious fungus set forth synoptically (13: p. 
268, lines 25-32; p. 269, fig. 13, A-C) as bearing elongated uni- 
septate conidia in open capitate arrangement, makes its appearance 
now and then in nematode-infested agar-plate cultures to which 
have been added small quantities of leaf mold or of other decay- 
ing vegetable materials. Its development is conditioned by a con- 
sistency of the substratum soft enough to permit nematodes to 
move freely through it, rather than only on the surface of it. For 
apparently the organs of capture, though sometimes jostled to the 
surface by large nematodes and earthworms, often, indeed, into 
angular positions conveniently exposing their remarkably uniform 
make-up (Fic. 6, A, B), are regularly produced in the subtratum 
beneath and a little to one side of the parent filaments, which, as 
in other predacious forms, are sparsely distributed and follow 
somewhat straightforward courses (FIG. 6, C, a-c). These organs 
originally consist of rings formed separately in planes approxi- 
mately at right angles with the parent hypha, to which they are at- 
tached at intervals rarely less than 50 » by short, stout, two-celled 
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stalks. Unlike the hyphal bails and loops of the five retiary spe- 
cies already discussed, which, apart from entanglement and ad- 
hesion exert no violence externally on ensnared nematodes, the 
stalked ring of the form under discussion constricts its captive 
through extraordinary swelling and contraction of its three com- 
ponent cells, until musculature and organs are virtually, if not 
wholly, severed within the strangulated integument. The con- 
stricting action here, proceeding with gradual reduction and 
eventual cessation of the captive’s violent struggles, is probably 
without parallel among carnivorous plants for outward appear- 
ance of implacableness and malignancy. It accomplishes in a 
much different manner what is accomplished in retiary and 
knobbed species through intrusion of a globose body—that is, 
virtual severance and paralysis of the animal, making possible the 
extension of assimilative hyphae through the fleshy interior (Fic. 
6,D, E). Inthe present species these hyphae regularly terminate 
in a bulbous enlargement—a curious modification, the utility of 
which is not yet apparent. 

Despite the astonishing manner of bringing about the death of 
nematodes ensnared in its constricting rings, the number of ani- 
mals destroyed by the fungus is usually moderate in comparison to 
those consumed under favorable conditions by allied retiary spe- 
cies. Asa result, conidial apparatus is produced rather sparsely. 
The fertile hyphae resemble the corresponding elements of 
Arthrobotrys musiformis in general stature, even if, perhaps, on 
the whole a little shorter and slightly less sturdy. At the tip, 
moreover, they terminate in perceptibly shorter sterigmata, so that 
the conidial heads borne on them show a slightly more compact 
central arrangement (FIG. 6, F, G). To be sure, the sterigmata 
are not always collected in a single terminal group, some occa- 


sionally being found on a lateral spur a short distance from the 
apex (FIG. 6, H), there bearing conidia in a recognizably separate 


subsidiary cluster. 

In most cultures the conidia (ric. 6, J, a-z, aa, bb) are uni- 
formly uniseptate and of an elongated shape only rather poorly 
described in the epithet that for lack of a classical term equivalent 
to “cigar-shaped” is proposed for the fungus. Occasionally, 
however, material is found showing an admixture of conidia (FIG. 
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18, K, a-p) shortened and widened in varying degree. The more 
pronouncedly modified specimens approach an ovoid shape, and 
frequently contain two septa placed so as to delimit a large swollen 
dolioform middle segment from the two smaller conoidal end seg- 
ments (Fic. 18, K, d, e, f, 1, j, 1, m,n, p). This variation in co- 
nidial morphology appeared so much in excess of the variation 
usual in members of the predacious series that it was earlier held 
as possibly indicative of a separate species (14: p. 356, lines 31-37 ; 
p. 357, lines 1-3, 19-25, fig. 18, A, B). However, pure cultures 
made from the swollen biseptate conidia showed no important dif- 
ference from cultures started with the slender uniseptate spores. 
Further evidence of identity is provided in the vegetative fusion of 
germ tubes from both types of spores with one and the same hypha 
(ric. 18, J, J) ; anastomoses with slender and with swollen spores 
taking place indiscriminately, and in no wise less freely than when 
slender conidia alone are present (Fic. 6, /). 

Sometimes conidia in germinating give rise individually to a 
predacious ring (FIG. 6, K) of slightly smaller dimensions than the 
similar organs formed on mycelial hyphae. A nematode ensnared 
in such a ring is, of course, not held in place, but with the conidium 
clamped to its body continues for a few hours to move about, at 
first frantically, then more feebly, offering a ludicrous yet pitiful 
sight. The increasing constriction finally brings about a cessation 
of movement, whereupon, if not before, penetration is effected, 
followed by intrusion,of assimilative hyphae and appropriation of 
the fleshy contents. An altogether similar ectoparasitic relation- 
ship occasionally replaces the more usual predacious relationship 
when large vigorous nematodes belonging often to species of 
Rhabditis and of Mononchus, tear rings wherein they have be- 
come ensnared from their attachments on the mycelial hyphae, and 
then continue to move about until overtaken by paralysis. 

As might be inferred from previous remarks, the fungus pro- 
duces uniseptate conidia so often to the exclusion of biseptate 
specimens that mycologists encountering its reproductive apparatus 
in the course of routine examinations would hardly ever have rea- 


son to suspect any possible eligibility for inclusion in Dactyiaria. 


It is accordingly referred, though not without reluctance, to the 
genus Arthrobotrys. Of the five other species of Arthrobotrys 








486 Mycotocta, Voi. 29, 1937 


herein discussed, it would seem most closely related to A. musi- 
formis, whose frequently discrete circular loops bear a resem- 
blance to the stalked constricting nooses of the present form not 
shared by the hyphal bails and reticula of the other retiary con- 
geners. However, its most intimate kinship is very probably with 
the fungus to be described as Dactylaria brochopaga. ‘This fungus 
it resembles closely not only in outward habit and in design of 
predacious organs, but also in producing on maizemeal agar-plate 
cultures a somewhat lustrous radiating mycelium whose hyphae 


under the microscope appear disposed in nearly parallel arrange- 


ment. 


Arthrobotrys dactyloides sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, plerumque 2-54 crassis, 
laqueos circulares 20-32 latos in 3 cellulis arcuatis 12-28 longis medio 
4.5-7 uw extremo 2.5-6 u crassis consistentes ex ramulo biloculari circa 7-14 4 
longo 4-5 crasso proferentibus; his laqueis vermiculos nematoideos illa- 
queantibus, deinde tum per contractionem inflationemque trium cellularum 
animal magnopere comprimentibus, ita hoc trucidentibus, statim integumen- 
tum perforantibus, hyphas intus evolventibus quae carnem exhauriunt. 
Hyphae fertiles hyalinae, septatae, erectae, plerumque 200-400 altae, basi 
4-6 m crassae, sursum leviter fastigatae, apice 2.5-3.5 4 crassae, 4-13 conidia 
in capitulum laxum subinde in duo capitula distincta aggregata ferentes. 
Conidia hyalina, elongata-ellipsoidea, aliquantulum digitiformia, recta vel 
leviter curvata, apice late rotundata, deorsum aliquantum attentuata, basi 
truncata, 32-48 4 (saepe circa 41.6) longa, 7-9.5m (saepe circa 8.4) lata, 
loculo inferiore 16-23 u (saepe circa 20.5) longo; sed quandoque incrassata, 
abbreviata, usque 18 lata, tum saepe 2-septata, loculo medio majore quam 
alteriis. 

Vermiculos nematodeos multarum specierum vulgo usque .6 mm. longos 
laqueans consumensque habitat in foliis et radicibus plantarum putrescentibus 
prope Beltsville, Maryland, atque in humo silvestri in Arlington, Virginia. 


Mycelium spreading; the vegetative hyphae hyaline, septate, 
mostly 2 to 5 » wide, often, especially in the presence of nematodes, 
producing underneath and at right angles to their respective axes 
approximately circular rings, 20 to 32 in diameter, composed 
individually of 3 arcuate cells, 12 to 28 w long, 4.5 to 7 » wide in 
the middle and 2.5 to 6 » wide at the ends—the first and third of 
the cells being united to one another as well as to the distal part of 
a somewhat curved sturdy supporting branch 7 to 14» long, 4 to 
5 » wide, and consisting usually of 2 cells whereof the proximal 
one is generally the shorter ; following ensnarement of a nematode, 
the individual ring through contraction and inflation of its com- 
ponent arcuate cells constricting the animal to death or into a state 
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of reduced activity preceding death, then perforating the integu- 
ment and giving rise to assimilative hyphae that appropriate the 
fleshy contents. Conidiophores hyaline, septate, erect, mostly 200 
to 400 » high, 4 to 6 » wide at the base, tapering gradually upward 
to a width of 2.5 to 3.5 at the tip, there bearing on sterigmata 1 
to 5 long and 2 to 3 wide, from 4 to 13 conidia usually in a 
single loose head, more rarely in two somewhat distinct clusters. 
Conidia hyaline, usually elongate ellipsoidal or somewhat digiti- 
form, straight or slightly curved, tapering noticeably from the 
broadly rounded wider distal end toward the narrower truncate 
basal end, 32 to 48» (average 41.6) long, 7 to 9.5 (average 
8.4) wide, with the single septum 16 to 23» (average 20.5 ») 
from the base ; but occasionally becoming wider and shorter, meas- 
uring as much as 18 » in width and as little as 25 » in length, then 
often 2-septate, with the inflated middle cell greatly exceeding the 
end cells in size. 

Capturing and consuming nematodes measuring up to .6 mm. in 
length, referable to the genera Acrobeles, Acrobeloides, Cephalo- 
bus, Diplogaster, Diploscapter, Plectus, Rhabditis and Mononchus, 
it occurs in decaying leaves and roots of many plants near Belts- 
ville, Md., and also in leaf mold in deciduous woods in Arlington, 


Va. 
DACTYLELLA BEMBICODES 


A fungus obtained occasionally in nematode-infested agar-plate 
cultures following the addition of small quantities of miscellaneous 
leaf mold, and much more frequently following addition of the 
dark friable material from the interior of decaying acorns, pro- 
duces rings very similar to those of Arthrobotrys dactyloides both 
in cellular make-up and in positional relationship to parent hypha 
and substratum (Fic. 7, A-H). Sometimes the predacious organs 
here have given slightly larger measurements than in the species 
already described, yet for the most part differences between the 


two forms with respect to the robustness of these structures are 


not readily apparent. Capture (Fic. 7, 7) and invasion (FIG. 7, 
J, K, L) of prey likewise proceeds as in A. dactyloides, except 
that here the assimilative hyphae generally terminate after the 
usual manner of mycelial filaments rather than in bulbous enlarge- 


ments. Though the constricting ring would seem designed espe- 
cially for the capture of nematodes, specimens of rotifers have 
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occasionally been found squeezed to death in agar cultures moist 
enough to encourage multiplication of these animals (ric. 18, NV). 

The conidiophores produced by the fungus on nematode-infested 
agar cultures are usually too sparsely distributed on the substratum 
to make up a stand at all easily discernible with the naked eye. On 
microscopic inspection, however, they appear as tall, erect, sturdy 
hyphae, which, individually, for some time after attaining definite 
height are continuous with the swollen tip (ric. 7, /) that gradu- 
ally develops into the terminal conidium (Fic. 7, N). Somewhat 
rarely a second conidium may be formed following elongation of 
the hypha from below the attachment of the first. As a conidio- 
phore approaches or attains maturity it frequently puts out a 
lateral branch some short distance, usually about 50 p, above the 
base (Fic. 7, N, d). This branch grows into a second conidio- 
phore (ric. 7, M, b), gradually assuming an erect position as the 
parent hypha (Fic. 7, M, a) declines toward the substratum. 
Where no such secondary development ensues a conidiophore may 
retain its upright posture for a considerable period after the spore 
has fallen off (ric. 7, O). 

The fungus, though readily isolated, grows very slowly in pure 
culture. On maizemeal agar white aerial mycelium is produced 
without, however, any vestige of conidial apparatus. Nor has 
such apparatus been seen in pure culture on other media. 

After its principal morphological features had been briefly set 
forth (14: p. 356, lines 5-26; p. 357, lines 15-18, fig. 17, A, B, C), 
the fungus was referred to incidentally (17, 18) as probably being 
identical with Monacrosporium elegans. The likelihood of such 
identity was suggested by a general resemblance of the conidia 
(ric. 7, P, a-z) to those described and figured in the original ac- 
count of Oudemans’ species. Closer comparison has, however, 
always revealed serious differences in detail. Conidiophores so 
short as not to exceed the length indicated in Oudemans’ diagnosis, 
250 », have been seen only rarely in my material, and then mostly 
after special search. Measurements of the largest conidia in cul- 
tures started with materials collected in more than a dozen different 
places have failed to disclose even a single specimen having a 
length of 50», the lower limit of the range given for this dimen- 
sion in the description of M. elegans. The discrepancy can not 
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well be explained away as resulting from wide variability, since 
the present fungus, unlike many other members of the predacious 
series, has consistently shown only rather moderate variations in 
conidial dimensions, always over approximately the same range. 
Thus, the 100 spore measurements from which were obtained the 
relevant metric data presented in the accompanying diagnosis— 
measurements made on specimens taken at random in equal num- 
bers from four different strains growing in nematode-infested 
maizemeal agar plate cultures—gave a distribution of values for 
length expressed to the nearest micron as follows: 34 p, 2; 36 p, 2; 
37 p, 2; 38 yp, 2; 39, 5; 40p, 10; 41 py, 18; 42 y, 14; 43 yp, 20; 
44 pw, 12; 45, 5; 46, 4; 47», 3; 48, 1; and a distribution of 
values for width as follows: 14 yp, 1; 154, 1; 16y, 1; 17 p, 3; 18h, 
6; 19 p, 18; 20 p, 29; 21 pw, 27; 22 w, 12; 23 p, 2. 

It is true that more pronounced differences than those just noted 
have not always been deemed sufficient to separate from Monacro- 
Sporium elegans fungi having conidia of somewhat similar ventri- 
cose shape. Marchal (44), for example, assigned to Oudemans’ 
species a form with spores only 20 to 40 » long and 15 to 18 w wide. 
This form, no less than M. ovatum later described by Petch (53) 
as having conidia 26 to 36 » long and 12 to 16 » wide, would seem, 
however, definitely too small to be identified with M/. elegans, or, 
for that matter, with the predacious fungus under discussion. 
Again, Rostrup (59) listed as M. elegans a plant whose sym- 
metrically and broadly spindle-shaped 4-septate conidia show far 
better agreement with those of the species to be subsequently 
treated under the binomial Dactylella ellipsospora. It must be ap- 
parent from a consideration of the several distinct nematode-cap- 
turing forms with ventricose conidia presented herein, that such 
swollen spores, however infrequent elsewhere, are far from un- 
usual in the predacious series of which M. elegans most probably 
is a member. Certainly the conidia of the present form corre- 
spond more closely to the 3-septate spores usual in Dactylaria 
thaumasia and frequent in Dactylella gephyropaga than they cor- 
respond to the spores described in the original account of M. 
elegans. The fungus evidently represents a new species, for which 
an epithet meaning “ top-shaped,”’ suggested by its characteristically 
turbinate conidia, may not be inappropriate. 
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Dactylella bembicodes sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, plerumque 2-54 crassis, 
laqueos circulares 22-37 u latos in 3 cellulis arcuatis 14-30 longis medio 
4.5-7 w extremo 3-6 crassis consistentes ex ramulo biloculari circa 7-14 4 
longo, 4.5-6 crasso proferentibus; his laqueis vermiculos nematodeos illa- 
queantibus, deinde tum per contractionem inflationemque trium cellularum 
animalia magnopere comprimentibus, ita haec trucidentibus, statim integumen- 
tum perforantibus, hyphas intus evolventibus quae carnem  exhauriunt. 
Hyphae fertiles hyalinae, erectae, septatae, 250-500 u altae, basi 5-7.5 cras- 
sae, sursum leviter fastigatae, apice 2-3.2 crassae, ibi unicum conidium 
ferentes. Conidia hyalina, speciose turbinea, 34-48 (saepe circa 424) 
longa, 16-23 u (saepe circa 20“) lata, vulgo 3-septata: loculo infimo obconico, 
saepe circa 7.6 longo; loculo antepaenultimo disciformi, saepe circa 5.7 longo; 
loculo paenultimo dolioformi, ventricoso, saepe circa 22.5" longo; loculo 
summo apice rotundato, saepe circa 6.2 » longo. 

Vermiculos nematodeos multarum specierum etiam rarissime rotifera 
laqueans consumensque habitat exigue in humo silvestri sed abunde praecipue 
in glandibus quernis Querci Prini putrescentibus prope Beltsville, Maryland, 
et in Arlington, Virginia. 


Mycelium spreading ; vegetative hyphae hyaline, septate, mostly 
2 to 5 wide, often, especially in the presence of nematodes, pro- 
ducing underneath and at right angles to their axes approximately 
circular rings 22 to 37 » in outside diameter, composed individually 
of 3 arcuate cells 14 to 30 » long, 4.5 to 7 » wide at the middle and 
3 to 6m wide at the ends—the first and third of the cells being 
united usually to one another as well as to the distal end of the 
sturdy, somewhat curved or straight supporting branch 7 to 14, 
long, 4.5 to 6 » thick, and consisting usually of 2 cells, whereof the 
proximal one is generally the shorter; following ensnarement of a 
nematode, the individual ring, through contraction and inflation 
of its component arcuate cells constricting the animal to death or 
into a state of reduced activity preceding death, then perforating 
the integument and extending lengthwise throughout the body 
assimilative hyphae that appropriate the fleshy contents. Conid- 
iophores hyaline, erect, septate, 250 to 500», mostly 300 to 450 » 
high, 5 to 7.5 w wide at the base, tapering gradually upward to a 
diameter of 2 to 3.2 4 at the tip, whereon is borne usually a single 
conidium. Conidia hyaline, handsomely top-shaped, broadly 
rounded at the apex, tapering toward the slightly protruding trun- 
cate base, 34 to 48 w (average 42 ») long, 16 to 23 » (average 20 ») 
wide, regularly divided by 3 septa into 4 cells: the basal cell obconi- 
cal, with an average length of 7.6 1; the antepenultimate cell disci- 
form, with an average length of 5.7 »; the penultimate cell ventri- 
cose or inflated barrel-shaped, with an average length of 22.5 »:; 
the apical cell conico-hemispherical, with an average length of 
6.2 p. 
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Capturing and consuming nematodes measuring up to .6 mm. in 
length, referable to the genera Acrobeles, Acrobeloides, Cephalo- 
bus, Diplogaster, Diploscapter, Plectus, Rhabditis and Mononchus, 
and very rarely also rotifers, it occurs rather sparingly in leaf mold 
generally, but more abundantly especially within decaying acorns 
(Quercus Prinus L.), near Beltsville, Md., and in Arlington, Va. 


DACTYLELLA ELLIPSOSPORA Grove 


Though in recent times Zopf’s discoveries relative to the capture 
of nematodes by Arthrobotrys oligospora appear finally to have 
become widely recognized, it is less generally known that in the 
same paper in which these discoveries were published he set forth 
also, even if somewhat briefly, the destruction of nematodes by 
another predacious fungus referred to under the name Mono- 
sporidium repens. The latter species was described as forming on 
the surface of its substratum a delicate white coating composed of 
narrow septate filaments from which arise simple, relatively short 


conidiophores individually bearing at their tips a solitary, non- 


septate, colorless conidium, globose or pyriform in shape, and 
measuring 8 to 10 along its longest axis. The strange thing, 
according to the account, is that infection proceeds always from 
the conidium ; this structure applying itself to the nematode, mostly 
at the forward end, and then intruding into the body a short, stout 
infection-vesicle from which two or three filaments are extended 
through the interior of the animal to the caudal end. Further 
development was reported to take place by the production from the 
endozoic hyphae of lateral branches that after perforating the 
animal’s integument form new conidia outside to repeat the cycle. 

In one of my summaries (12: p. 139, lines 24-26, fig. 7, A, B, C; 
p. 140, lines 1-7), and again somewhat more fully in a later paper 
(15: p. 138-139), the structures taken by Zopf for conidia were 
presented as specialized predacious organs owing their functional 
efficacy to adhesive material secreted by them. At all events ad- 
hesive organs corresponding well to Zopf’s supposed conidia have 
been seen frequently in nematode-infested agar-plate cultures fol- 
lowing the addition of leaf mold, or of bits of decaying wood. 
Sometimes nearly spherical but more often perceptibly prolate, 
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Fic. 8. Dactylella ellipsospora. 
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they vary in length from 7 to 11.5 », and in width from 6.5 to 10 
(Fic. 8, A-G: a-b; H, a; 1,a; J,a,b; K,a-c). The stalks bear- 
ing them are mostly unicellular, 2.4 to 3 » wide and 5 to 10» long, 
though examples may be found as little as 3 (Fic. 8, D, b) or as 
much as 25 » (FIG. 8, A, a) in length; the longer specimens often 
consisting of two or more cells (Fic. 8, A, a; 7, b). Generally the 
stalks arise at nearly right angles from the rather straightforward, 
septate hyphae, mostly 2 to 3» wide, that make up the sparse my- 
celium. Capture of nematodes is effected through adhesion on the 
globose cells, the adhesive material here, as in retiary species, be- 
coming visible as a sizable deposit after the struggles of the animal 
have stimulated its secretion for some time (Fic. 8, H-K). In the 
absence of all structural ensnarement, only somewhat small animals 
are usually held, though larger prey may be taken when because of 
moist conditions the mechanical leverage of struggling captives has 
been reduced. Penetration of the integument, intrusion of a 
bulbous outgrowth, extension therefrom of assimilative hyphae 
through the paralyzed body, and appropriation of the degenerating 
fleshy contents, follow in their familiar sequence. 

From the prostrate superficial mycelial filaments are put forth 
erect, septate conidiophores (Fic. 8, L-R) 150 to 3004 high, 3.2 
to 5 » wide at the base, tapering upward to a width of 1.5 to 2.5 » 
at the tip, whereon is borne a solitary conidium. Occasionally a 
second spore is formed, following elongation of the fertile hypha. 
More frequently a branch from the basal portion of an aging co- 
nidiophore grows into a new conidiophore, assuming an erect posi- 
tion as the old one declines to the substratum. The conidia thus 
produced (Fic. 8, S, a—z) are for the most part broadly spindle- 
shaped, rounded at the ends, and divided by four septa into five 
cells, of which the middle, barrel-shaped one is usually by far the 
largest. They vary in length between observed extremes of 24 p 
and 65, and in width between observed extremes of 7.5 » and 
19; some of the longer specimens containing as many as six 
cross-walls (Fic. 8, S, m), while most of the shortest specimens are 
of atypical obconical shape (ric. 8, S, c, h, p, s) with only two 
septa—these corresponding evidently to the two proximal parti- 
tions of the four more commonly present. Germination takes 


place by the production frequently of two polar germ tubes (FIG. 
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8, T) ; but on relatively dry substrata a delicate conidiophore (FIG. 
8, U) is often thrust up to bear a secondary conidium, which is 
regularly somewhat smaller than the primary one from which it 
originated. 

The conidial apparatus in question shows fairly satisfactory 
agreement with Grove’s (28) description of his Dactylella ellipso- 
spora. The range for length of conidium indicated in that descrip- 
tion, 40 to 50 n, coincides with the usual range for this dimension 
in my material; while the range indicated by Grove for width of 
conidium, 16 to 18», if somewhat higher than would seem repre- 
sentative of my fungus, is yet exceeded by the maximum value for 
this dimension given in the preceding paragraph. Equally good, 
or perhaps even better agreement is found when comparison is 
extended to Monacrosporium leporinum, described by Bubak (6) 
as having conidiophores 180 to 300 long together with conidia 
42 to 53 w long, 13 to 18.5 » wide, and composed of five cells, the 
median one exceeding the others in size. 

The nematode-capturing fungus whose predacious apparatus is 
evidently identical with the supposed conidia discussed by Zopf in 
1888, must on grounds of priority be referred to D. ellipsospora 
described two years earlier from true reproductive structures. 
With this species M. leporinum described two decades later from 
reproductive structures of very similar morphology appears to be 
synonymous, as would seem to be, also, though somewhat more 
doubtfully, the M. elegans of Rostrup. On the other hand, the 
D. ellipsospora of Smith (65), with spores measuring 40, in 
length and 10 to 12 in width, may with equal or perhaps greater 
probability, have been identical with the species herein to be de- 
scribed as D. lysipaga. 

In pure culture on maizemeal agar the fungus grows well, giving 
rise to a moderately dense submerged mycelium of somewhat radi- 
ating aspect. Sporulation is frequently wholly absent, but can 
often be brought on by exposure to direct sunlight for brief pe- 
riods. Reproductive apparatus obtained through such exposure 
is, however, mostly so variable that despite the generally more 
robust conidiophores and larger conidia characteristic of the spe- 
cies, separation from Dactylella lysipaga in similarly treated cul- 
tures is usually not easy. For definite identification, therefore, 
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the fungus should preferably be viewed also in nematode-infested 
cultures, where its predacious organs distinguish it very readily 
from any other known species with typically 4-septate conidia. 


DACTYLELLA ASTHENOPAGA 


A fungus with predacious knobs (Fic. 9, A, B) perceptibly 
smaller than those formed by Dactylella ellipsospora often makes 
its appearance in maizemeal agar cultures following the addition 
of small quantities of the black friable material from the interior 
of decaying acorns; and much less frequently following the addi- 
tion of miscellaneous leaf mold. The knobs in the present species 
ordinarily appear operative only in the capture of nematodes be- 
longing to the genus Bunonema—phlegmatic animals that after 
being introduced with the decaying forest refuse multiply slowly 
in the cultures to attain respectable numbers in two or three weeks. 
On especially moist agar culture media small individuals of more 
energetic genera have been seen captured, indicating that the selec- 
tion usually evident results from the inability of the adhesive 
organs to hold the more active eelworms when the physical condi- 
tion of the substratum is such as to furnish effective leverage. 
Once an animal is held, narrow perforation of the integument, 
intrusion of a mortiferous excrescence, extension of assimilative 
hyphae lengthwise, and appropriation of the degenerating fleshy 
contents, take place as in other species with adhesive predacious 
apparatus (FIG. 9, C-E; F,a, b). 

The conidiophores (Fic. 9, G-/) arising here and there from the 
sparse mycelium in nematode-infested agar cultures, are rather 
frail in appearance when compared with those of most other fungi 
subsisting through the capture of eelworms. Usually and typically 
they are simple and bear a single conidium; yet at times a second 
conidium is produced on a short branch attached some distance 
below the apex (Fic. 9, K); and, more rarely still, two lateral 
branches are present, allowing a production altogether of three 
conidia (FIG. 9, L). Such distal ramification is no doubt akin to 
the proximal branching frequent in this as in related species, 
whereby young conidiophores are put forth to assume gradually 


an erect posture as the old axis declines to the substratum. 
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Fic. 9. Dactylella asthenopaga. 
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In pure culture on maizemeal agar the fungus grows readily, 
giving rise to a sparse stand of conidiophores, oi which are borne 
conidia mostly rather irregularly clavate in shape, measuring 20 
to 46 » in length, and partitioned by one to five cross-walls (Fic. 9, 
M, a-d,q,r,x«). On nematode-infested agar plate cultures, a bet- 
ter approximation to uniformity, and apparently a more trust- 
worthy expression of the morphology of the species is obtained, 
the conidia here, more regularly clavate in shape, measuring 26 to 
36» in length, and with few exceptions, containing three cross- 
walls (Fic. 9, M, e-p, s-w, y, ). Germination often is initiated 
by direct production of one or two stalked knobs (Fic. 9, N, a-e) ; 
the residual protoplasm in the conidium then being utilized to put 
forth a germ hypha likewise beset with these predacious organs 
(Fic. 9, O). 

With respect to size and shape of conidium, the fungus would 
seem to fit fairly well the description of Monacrosporium sarco- 
podioides (Harz) Berl. & Vogl. as given by Saccardo (62) and 
by Lindau. However, the spordphores of M. sarcopodioides, 
characterized as continuous, ascending, and equal in length to the 
conidia, differ so much from the septate, erect and relatively tall 
fertile hyphae of the present form that identity of the two or- 
ganisms appears unlikely. Nor, indeed, can a better agreement be 
discovered by consulting Harz’s original account (31) of his Acro- 
thecium sarcopodioides, wherein the fertile hyphae are described 
as “ schwach aufsteigend oder neiderliegend.” 

The somewhat feebly predacious fungus under consideration is 
accordingly described as a new species under a name compounded 
of two words meaning “ weak” and “ trap” respectively. 


Dactylella asthenopaga sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, 1.7-3 4 crassis, bullas tenaces 
globosas vel ellipsoideas plerumque 6.5-8 # longas, 6-7.5 latas ex ramulo 
recto, 3-10 longo, 2-3 crasso saepe proferentibus; his bullis vermiculos 
nematodeos tenentibus, integumentum perforantibus, tuber mortiferum saepe 
8-10 crassum intrudentibus, hyphas 2-5 crassas evolventibus, quae 
carnem exhauriunt. Hyphae fertiles hyalinae, erectae, septatae, 100-2004 
altae, basi 2.54 crassae, sursum fastigatae, apice circa 1.5 crassae, 
plerumque simplices et unicum conidium ferentes, sed quandoque prope sum- 
mum paululum ramosae tum 2 vel 3 conidia gerentes. Conidia hyalina, 
obconica vel clavata, basi truncata, apice rotundata, 20-46 (saepe circa 
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31.5) longa, 6.5-9.5 m (saepe circa 8.2) crassa, 1-5 septata, fere 3-septata, 
loculo infimo tum saepe circa 8 longo, loculo antepaenultimo saepe circa 
7.5 longo, loculo paenultimo saepe circa 9.8% longo, loculo summo saepe 
circa 6.2 # longo. 

Vermiculos nematodeos diversos pigros vulgo usque .3 mm. longos qui 
vulgo maximam partem specierum Bunonematis sunt capiens consumensque 
habitat exigue in humo silvestri sed abundius praecipue in glandibus quernis 
Querci Prini putrescentibus prope Beltsville, Maryland, et in Arlington, 
Virginia. 

Mycelium spreading; composed of hyphae mostly 1.7 to 3p 
wide, that especially in the presence of nematodes give rise here 
and there, at angles approaching a right angle, to stalks 3 to 10 py 
long and 2 to 3 wide, on each of which is borne a globose or 
prolate ellipsoidal unicellular adhesive knob, mostly 6.5 to 8 » long 
and 6 to 7.5 wide; the knobs holding fast to nematodes, indi- 
vidually perforating their captive’s integument, and intruding a 
globose mortiferous excrescence, often 8 to 10 » in diameter, from 
which are extended lengthwise through the body assimilative hy- 
phae, 2 to 5 » wide, that appropriate the degenerating fleshy con- 
tents. Conidiophores hyaline, septate, erect, 100 to 200 », mostly 
125 to 175 w high, 2.5 to 4 wide at the base, tapering gradually 
upward to a width of approximately 1.5 », mostly unbranched and 
terminating in a single conidium, but occasionally giving off one 
or two branches some distance below the tip, and then bearing two 
or three conidia. Conidia hyaline, obconical or clavate, truncate at 
the narrow proximal end, broadly rounded at the distal end, 20 to 
46 », mostly 26 to 36 » (average 31.5 ») long, 6.5 to 9.5 w (average 
8.2 ») wide, containing 1 to 5 septa, but most often and most typi- 
cally containing 3 septa, the basal of the 4 cells then delimited av- 
eraging about 8» in length, the antepenultimate cell about 7.5 y, 
the penultimate cell about 9.8 », and the apical cell about 6.2 p. 


Capturing and consuming sluggish nematodes commonly up to 
.3 mm. in length, and for the most part belonging to species of 
Bunonema, it occurs sparingly in leaf mold but more abundantly 
within decaying acorns (Quercus Prinus L.) in Arlington, Va., 
and near Beltsville, Md. 


DACTYLELLA LYSIPAGA 


The fungus whose resemblance to Dactylella ellipsospora in 
morphology of reproductive structures has already been referred 
to, is easily distinguished from that species in cultures where its 
predacious apparatus has occasion to develop (Fic. 10, A-O). In 
part, to be sure, this apparatus consists of globose adhesive knobs 
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similar in design to the homologous organs formed in D. ellipso- 
Spora, but differing from them in markedly smaller dimensions, as 
well as in their attachment to the parent filament by longish, slen- 
der, and often gracefully curved stalks, rather than on short, stout, 
straight ones. It would seem that in most agar substrata efficiency 
is associated more with size and sturdiness than with gracility ; for 
the knobs of the present species have only rarely been found op- 
erative, and then only in the capture of larvae belonging to rela- 
tively lethargic nematodes. As was intimated earlier (15), the 
usual inefficiency of such knobs in a gelatinous culture medium 
need not preclude a greater degree of usefulness under the more 
different and varied physical conditions obtaining in natural sub- 
strata. 

Development in nematode-infested agar cultures is made possible 
very largely through the more effective functioning of circular 
hyphal rings usually intermingled with the knobs, and like these 
produced terminally on short, slender, often gracefully circinate 
stalks. Nematodes ensnared in the rings are sometimes held in 
place, but more often they tear the encircling structure from its 
attachment and continue to move about, often only to be caught in 
a second ring, and occasionally even in a third. Accumulation of 
rings in larger numbers is perhaps somewhat infrequent in nature ; 
yet as many as 8 have been seen encircling individual nematodes 
(Fic. 10, P) after large pieces of vigorous mycelium from pure 
cultures of the fungus on maizemeal agar had been transferred to 
agar plate cultures abundantly infested with roundworms. De- 
void of all predacious apparatus at the time of transfer, the my- 
celium soon gave rise to rings and adhesive knobs in spectacular 
concentration, thereby providing opportunity for more frequently 
repeated ensnarement of visiting eelworms. In spite of extra- 
ordinary concentration of hyphal rings an animal would assuredly 
not become ensnared more than a few times if the fungus were not 
somewhat dilatory in accomplishing the death of encircled speci- 
mens. Although in cellular make-up the rings are not without 
similarity to the strangulating organs of Arthrobotrys dactyloides 
and Dactylella bembicodes, they exert no active constriction; and 
the bulbous body slowly intruded into the animal after delayed 
penetration of its integument apparently never becomes large 
























































1 = n - z 
- = T T 3 

: 

_ Pratt rat PaO, \ : 
a «i Ct : : : 
> , C ry tl Te Fl | Be on _—— mf : 7 = 
e ~ «sie = peegernae a. er es ae e 
= q “a © oo {-< ® = 








 —_ Hf \ 





DRECHSL 



































502 Mycotocta, Vor. 29, 1937 


enough to kill or paralyze promptly. The decline of the animal 
is accordingly rather slow at first, but with the gradual extension 
of assimilative hyphae from the intruded bulb through the fleshy 
interior, movement gradually comes to an end. Appropriation of 
the degenerating materials makes possible further mycelial growth 
in the underlying or surrounding substratum; the additional hy- 
phae arising for the most part from the outer surface of the ring 
itself (Fic. 10, A, a-e), though here and there an assimilative 
branch occasionally breaks through the integument to grow out 
directly as a mycelial filament (Fic. 10, O). Whatever their 
source, the new external hyphae in their turn give rise to pre- 


dacious organs, thus renewing the vegetative cycle. 

The conidiophores (Fic. 10, R-U) and conidia (Fic. 10, V, a-z) 
produced usually in rather meager quantity, whether on nematode- 
infested substrata or in pure culture, closely resemble the homolo- 
gous structures of Dactylella ellipsospora, but show on the whole 
somewhat smaller dimensions throughout. Measurements of co- 


nidia from representative material give average values for length 
and width corresponding very well to the values given by Smith 
(65) ; so that, as has been mentioned previously, it seems probable 
that this author was dealing with the species under consideration 
rather than with the one described by Grove. A conidium, after 
falling on a slightly moist substratum, often thrusts up an erect 
conidiophore (Fic. 10, X) to bear a secondary conidium, some- 
what smaller but otherwise like its parent. Occasionally two co- 
nidiophores may be pushed up from a fallen spore (Fic. 10, W). 
On wetter substrata germination takes place, as in D. ellipsospora, 
by the production of two polar germ tubes (Fic. 10, Y, Z). 

The fungus seems closely related also to Dactylaria candida, pre- 
senting obvious resemblance to that species in type of predacious 
apparatus, as well as in shape and septation of conidium. How- 
ever, a capitate arrangement of the spores has never been observed 
here, though occasionally a second conidium may be borne on a 
short spur attached some distance below the tip of the axial hypha 
(Fic. 10, T, U). 

It is hoped that an epithet compounded of words meaning “a 
loosing ” and “ snare,” may appropriately suggest the combination 
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of predacious and ectoparasitic relationships revealed by the 
species. 


Dactylella lysipaga sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, 1.5-3.5 crassis, non modo 
bullas tenacis globosas vel ellipsoideas plerumque 5-8 u longas, 4.5-6  latas, 
sed etiam laqueos circulares 13-23 4 latos in 2-3 plerumque 3 loculis subae- 
qualibus, arcuatis, 2.5-4 crassis consistentes ex ramulo saepe aliquantum 
curvato vel decore circinato 5-35 longo, 1.2-2m crasso ferentibus; bullis 
vermiculos nematodeos tenentibus, integumentum perforantibus, hyphas intus 
evolventibus quae carnem exhauriunt; laqueis vermiculos nematodeos ir- 
retientibus, modo hos capientibus, modo ipsis avolsis, sed tamen integumen- 
tum semper perforantibus, hyphas intus evolventibus quae carnem exhauriunt. 
Hyphae fertiles hyalinae, erectae, septatae, 125-250 u altae, basi 3-5 « crassae, 
sursum fastigatae, apice 1.1-1.8“ crassae, plerumque simplices et unicum 
conidium ferentes sed quandoque secundum conidium ex ramusculo prope 
apicem orto gerentes. Conidia hyalina, vulgo fusoidea, apice rotunda, basi 
truncata, 28-55 (saepe circa 40.7“) longo, 9-14 (saepe circa 11.64) 
lata, subinde 2 vel 3 septata, saepius 4-septata, loculo infimo tum fere circa 
8.2 x longo, huic proximo superiore loculo fere circa 6.8 « longo, loculo medio 
fere circa 13.8 longo, loculo paenultimo fere circa 6.1 longo, loculo 
summo fere circa 6.3 # longo. 

Vermiculos nematodeos graciles multarum specierum interficiens con- 
sumensque habitat in humo silvestri prope Beltsville, Maryland, et in Arling- 
ton, Virginia. 

Mycelium spreading; the vegetative hyphae hyaline, septate, 
mostly 1.5 to 3.5 » wide, often especially in the presence of nema- 
todes, giving rise on slightly curved or circinate stalks 5 to 35 p 
long, 1.2 to 2 » wide and composed of one or more cells, either to 
adhesive unicellular knobs, subspherical or prolate ellipsoidal in 
shape, 5 to 8 in length and 4.5 to 6 in width, or to generally 
discrete, approximately circular rings, 13 to 23m in diameter, 
composed usually of 3, more rarely of 2 or 4 subequal, arcuate 
filamentous cells mostly 2.5 to 4 » wide—the knobs capturing nema- 
todes through adhesion, individually perforating the integument of 
each, and intruding assimilative hyphae; the rings after indi- 
vidually ensnaring nematodes sometimes remaining attached, but 
often being torn loose from their attachments, yet in either event 
likewise perforating the integument and intruding assimilative 
hyphae to appropriate the fleshy contents. Conidiophores hyaline, 
septate, erect, 125 to 250 » high, 3 to 5 » wide at the base, tapering 
upward to a width of 1.1 to 1.8, mostly simple and bearing a 
single terminal conidium but occasionally producing a second co- 
nidium on a short branch attached to the main axis some distance 
below the tip. Conidia hyaline, sometimes obovoid-fusoid, but 
much more frequently and more typically rather symmetrically 
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fusoid, somewhat acutely rounded at the apex, truncate at the nar- 
row base, 28 to 55, (average 40.7») long, 9 to 14p (average 
11.6) wide, sometimes 2- or 3-septate, but more frequently and 
typically divided by 4 cross-walls into 5 cells, whereof the basal 
one averages 8.2 » in length, the one adjacent to the proximal cell 
6.8, the middle one 13.8, the penultimate one 6.1 », and the 
apical one 6.3 p. 

Destructive to slender nematodes belonging often to the genera 
Rhabditis and Plectus, it occurs in leaf mold in deciduous woods 
near Beltsville, Md., and in Arlington, Va. 


DACTYLELLA LEPTOSPORA 


The somewhat Fusarium-like predacious fungus whose main 
structural features were briefly described in an earlier summary 
(14: p. 355, lines 28-40; p. 356, lines 1-4; p. 357, lines 7-14, fig. 
16, A, B, C) has been found only a few times, and then always in 
nematode-infested agar plate cultures to which pinches of leaf 
mold had been added. On the rather delicate hyphae that make 
up the sparse mycelium in such cultures, it gives rise under the 
surface of the substratum to stalked non-constricting hyphal rings 
(Fic. 11, A-F) closely similar to those produced by Dactylella lysi- 
paga both in morphology and manner of operation. When condi- 
tions are provided for an abundant production of these rings in 
cultures infested with nematodes, the animals are ensnared in im- 
pressive numbers, some accumulating more than a half dozen of 
the annular structures (Fic. 11, G) before the gradual extension 
of assimilative hyphae through the fleshy interior finally brings 
locomotion to a halt. Appropriation of the degenerating cellular 
materials is accomplished much as in the case of D. lysipaga. The 
accession of nourishment naturally leads to production of new 
mycelial hyphae, which here arise in noticeably smaller proportion 
from the ring, and in correspondingly greater proportion consist 
of branches that are put forth directly from assimilative hyphae 
to reach the exterior through perforations in the integument (Fic. 
11, 7). 

In comparison to the fertile hyphae of most fungi predacious on 
nematodes, the conidiophores of the present species appear of 


somewhat small stature (Fic. 11, J, a-c; J-L). Even in the pres- 
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ence of an abundant supply of suitable animals they have never 
been seen produced in nematode-infested agar-plate cultures other 
than in meager quantity. However, in pure culture on maizemeal 
agar, reproduction is usually much more copious; and results, 
moreover, in conspicuously larger conidia. Thus, measurements 
of a representative assortment of conidia from a nematode-infested 
agar culture (Fic. 11, T, a-d) gave averages of 53 » and 4.6» for 
length and width respectively ; whereas measurements of primary 
conidia from pure culture on maizemeal agar (Fic. 11, M, a-c) 
gave corresponding averages of 73 and 5, respectively. Fur- 
ther variability in conidial dimensions is introduced through repeti- 
tional development, which especially in pure culture often takes 
place very abundantly (Fic. 11, P-R), some of the larger primary 
spores giving rise to two, three, or even four secondary ones. As 


might be expected under such circumstances, the secondary conidia 


are for the most part of decidedly smaller size (Fic. 11, S, a-h), 
measurements of specimens chosen at random giving averages of 
36 » and 4.8 » for length and width respectively. 

Aside from repetitional development and frequent vegetative 
fusions (FIG. 11, O), conidia produced in pure culture on maize- 
meal agar often show numerous globose cells, closely similar and 
undoubtedly homologous to the adhesive knobs in Dactylella lysi- 
paga. Very often these globose cells are formed singly on the 
individual spore, either on a narrow apical prolongation (Fic. 11, 
N, a-g, i-k), or less commonly on a lateral stalk (Fic. 11, PR) ; yet 
specimens with two such structures (Fic. 11, N, i) are not at all 
rare. That these cells represent predacious organs can hardly 
be questioned ; though it must be admitted that so far they have 
been observed only a few times on mycelium in nematode-infested 
agar cultures, and then were never seen operative in taking prey. 

In morphology of reproductive apparatus the fungus invites 
comparison more especially with three of the various species pro- 
ducing elongate conidia that have been compiled in the genera 
Monacrosporium and Dactylella, namely: M. subtile Oud. (52) 
with elongate clavate conidia, 45 to 70» long, 5 to 7 » wide, and 
divided by septa up to 13 in number; M. oxysporum (61), with 
conidia 96 to 105 » long, 9 to 10.5 » wide, and divided by 10 to 
12 cross-walls; and D. minuta var. fusiformis (28) with conidia 
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60 to 75 » long, 7 to 9 wide, and containing 9 to 12 partitions. 
As the species mentioned were all described from substrata fa- 
vorable for the development of microscopic animal life, the possi- 
bility of their occurrence in predacious relationships is not to be 
denied ; and certainly the morphology of their reproductive appa- 
ratus strongly suggests true membership in the predacious series. 
Despite an approximate agreement in spore dimensions, the nema- 
tode-capturing fungus under consideration can not well be referred 
to M. subtile, since its conidia, when departing from a symmetri- 
cally fusiform shape, are much more inclined to become obclavate 


than clavate. Nor can assignment be made either to M. oxy- 
Sporum or to D. minuta var. fusiformis, as the ranges for width 
of conidium given for these species lie beyond any values for this 
dimension attained in my fungus. Although the shorter, less 
frequently septate, and more pronouncedly Fusarium-like conidia 
of D. passalopaga are of equally small diameter, an epithet com- 
pounded in part of a word meaning “ slender’ may help to set off 


the species in question from the two other forms that employ non- 
constricting rings in the destruction of nematodes. 


Dactylella leptospora sp. nov. 


Mycelium effusum; hyphis septatis, hyalinis, vulgo 1.2-3 raro usque 4“ 
crassis, laqueos circulares 13-22 latos in 3 loculis subaequalibus arcuatis 
2.3-4.5 « crassis vulgo consistentes ex ramulo primo paulum curvato vel 
decore circinato 10-35 « longo, 1.2-2 4 crasso ferentibus, raro bullas globosas 
vel ellipsoideas 6-7 long&s, 5.5-6.8 crassas ex ramulo recto vel leviter 
curvato 3-35 longo, circa 1.5 crasso evolventibus—laqueis vermiculos 
nematodeos irretientibus, modo hos capientibus modo ipsis avolsis, sed tamen 
semper integumentum perforantibus, tuber bursiforme debilitans 7-104 
longum 5-6 latum intrudentibus, hyphas intus evolventibus quae carnem 
exhauriunt. Hyphae fertiles hyalinae, septatae, erectae, 75-225 u altae, basi 
2.5-3.5 u crassae, sursum paulo fastigatae, apice 1.3-2 u crassae, fere simplices 
et unicum conidium ferentes sed quandoque secundum conidium ex ramusculo 
prope apicem orto gerentes. Conidia ordinis primi hyalina, fere recta, 
elongato-fusoidea vel cylindracea, 40-105 u longa, 4-5.8 » crassa, 5-15 septata ; 
interdum bullas tenacis globosas proferentibus, interdum ex hyphis ferilibus 
germinationis erectis, septatis, simplicibus vel paulo ramosis, 50-125 u longis, 
basi 2-3 u apice 1.3-1.8 4 crassis, conidia ordinis secundi vulgo 25-50 u longa, 
4-5.8 mu crassa, 3-8-septata ferentia. 

Vermiculos nematodeos graciles multarum specierum interficiens con- 
sumensque habitat in humo silvestri prope Beltsville, Maryland, et in Arling- 
ton, Virginia. 
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Mycelium spreading; the vegetative hyphae hyaline, sep- 
tate, mostly 1.2 to 3, rarely up to 4 wide, often, especially 
in the presence of nematodes, giving rise here and there on 
stalks frequently curved or circinate, 10 to 35 » long and 1.2 to 
2 wide, to generally discrete, approximately circular rings 
measuring 13 to 22 in diameter and composed of subequal 
arcuate cells, usually 3 in number and 2.3 to 4.5 in width; 
much less frequently giving rise on stalks 3 to 35 long and 
1.5» wide to unicellular knobs, subspherical or prolate ellip- 
soidal in shape, 6 to 7» long and 5.5 to 6.8, wide: the rings 
after individually ensnaring a nematode, sometimes remain- 
ing attached, but very often, too, being torn loose from their 
attachments—in either case perforating the integument, in- 
truding a bursiform excrescence 7 to 10u long and 5 to 6p 
wide, and therefrom extending assimilative hyphae lengthwise 
through the body to appropriate the fleshy contents. Primary 
conidiophores hyaline, erect, septate, 75 to 225 high, 2.5 to 
3.5 » wide at the base, tapering upward very slightly, 1.3 to 2 
wide at the tip, mostly simple and bearing a single terminal 
conidium, but occasionally bearing an additional conidium on 
a short branch attached to the main axis near its apex. Pri- 
mary conidia hyaline, mostly straight, elongate fusoid or cylin- 
drical, 40 to 105 » long, 4 to 5.8 » wide, divided by 5 to 15 cross- 
walls,—after falling off, often giving rise individually to 1 or 2 
globose knobs mostly on scarcely modified distal prolonga- 
tions, more rarely on lateral stalks; often, too, producing on 
slightly branched conidiophores, 50 to 125 » long, 2 to 3 » wide 
at the base and 1.3 to 1.8, wide at the tip, secondary conidia 
mostly 25 to 50 long, 4 to 5.8 wide, and divided by 3 to 8 
cross-walls. 


Destructive to slender nematodes belonging often to the genera 
Rhabditis and Plectus, it occurs in leaf mold in deciduous woods 
near Beltsville, Md., and in Arlington, Va. 


DACTYLELLA GEPHYROPAGA 


The fungus with rectangular predacious meshes that was briefly 
described in an earlier summary (13: p. 268, lines 3-24; p. 269, 
fig. 12, A-C), has made its appearance frequently in nematode- 
infested agar-plate cultures following the addition of leaf mold 
from several widely separated localities in Iowa, Wisconsin, Mary- 
land and Virginia. Its presence in such cultures is first made 
known through the production of perpendicular columnar processes 
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at rather close intervals on the straightforward, sparsely distributed 
superficial mycelial hyphae (Fr1Gc. 12, 4). These processes though 
resembling the predacious organs of Daciylella ellipsospora in 
stature and often also in number of component cells, show no con- 
stant differentiation into innocuous stalk and expanded adhesive 
knob, but seem, instead, to be of approximately equal width and 
adhesiveness from base to rounded apex. Moreover, while the 
stalked knobs of D. ellipsospora are largely formed immersed in 
the agar substratum, the columnar processes of the present species 
are commonly developed on the surface, usually, indeed, being 
thrust vertically into the air, sometimes, it is true, only to be 
brought down into prostrate positions through the violence of cap- 
tured nematodes. 

After attaining a length mostly of about 20», the columnar 
processes abruptly change their direction of growth so that fur- 
ther elongation takes place along an axis parallel to the parent fila- 
ment, and toward the apex of a neighboring process. When this 
apex is reached, as also when two elements growing directly to- 
ward one another meet midway in the manner of a bridge (Fic. 12, 
B), anastomosis occurs and a rectangular mesh is formed. Con- 
juncture frequently of closely spaced columnar processes in a con- 
tinuous series of rectangular meshes results in a scalariform net- 
work extended usually in one plane (Fic. 12, C), which provides 
the most characteristic morphological feature of the species. The 
scalariform arrangemeyt may later be partly obliterated through 
the production of a new series of columnar processes, followed by 
the superimposition of additional hyphal meshes often in other 
planes than the primary meshes and with little of their regular ar- 
rangement (Fic. 18, D, E). 

Capture of nematodes is accomplished, as in other retiary spe- 
cies, through adhesion combined often with entanglement (Fic. 12, 
PD). The columnar processes, which manifestly can operate only 
by adhesion, serve mainly in holding the younger and less vigorous 
animals; though their close, bristling arrangement facilitates 
multiple contact and thereby adds much to their effectiveness. En- 
tanglement in closed meshes appears of importance chiefly in the 
capture of the larger and stronger eelworms. Whether the pre- 
dacious unit engaged be one type or the other, it narrowly perfor- 
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ates the integument, and paralyzes the nematode by intruding a 
bulbous excrescence, from which assimilative hyphae are extended 
lengthwise through the inert body to appropriate the degenerating 
fleshy contents (Fic. 12, EZ). 

In addition to nematodes, the fungus occasionally captures indi- 
viduals of Trinema enchelys Ehrenb. found in agar cultures pre- 
pared with decaying vegetable material. Apparently the rhizopod 
in feeding is caught by its mouth on an adhesive columnar process, 





which then grows into the protoplasmic interior (Fic. 18, MW). A 
yellow coloring substance is secreted around the invading filament, 
much as around filaments of Dactylella tylopaga invading speci- 
mens of Amoeba verrucosa Ehrenb. The predacious relationship 
here seems more or less incidental in the life of the species, yet 
offers more than negligible interest in illustrating an underlying 
character of the series. Apparently likewise representative of 
traits better developed in allied forms are the occasional instances 
that came under observation, wherein odspores of Pythium Butleri 
Subr. were penetrated, invaded and successfully parasitized by 
lateral branches from submerged hyphae of the fungus. 

The sturdy conidiophores (Fic. 12, F-J) that arise somewhat 
sparsely from the rangy hyphae in nematode-infested agar cul- 





tures, and in greater abundance from the fairly dense mycelium 
produced when the fungus is grown in pure culture on maizemeal 
agar, rather closely resemble those of Dactylella bembicodes. 
Similarly the conidia (F1c. 12, K, a-w) borne on them closely re- 
semble the conidia of D. bembicodes in size and shape, though 
presenting a difference often useful for purposes of identification 
in that they commonly show a 4-septate condition codrdinate with 





a 3-septate condition. The numerical proportion between the 
spores containing three cross-walls and those containing four is 
subject to considerable variation. In the 100 specimens whose 
measurements were used to obtain the relevant dimensional data 
submitted in the diagnosis below, 61 contained four partitions, 35 
contained three partitions, and 4, possibly not all fully mature, 
contained two partitions. All of the 4-septate specimens had their 
partitions so spaced that two small cells were delimited at each of 
the ends leaving a relatively massive ventricose cell in the middle. 
Of the 3-septate conidia, 33 showed the ventricose cell in penulti- 
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mate position between two small proximal cells and a single small 
distal cell; while the remaining two showed the ventricose cell in 
antepenultimate position, between a small basal segment and two 
small distal segments. As might be expected, the more abundantly 
septate conidia were slightly larger than those. with fewer par- 
titions, the 61 specimens with four cross-walls giving an average 
length of 39.5, as contrasted with an average length of 38.2 » 
for the random assortment. Without reference to septation, the 
100 measurements gave a distribution of values for length, ex- 
pressed to the nearest micron as follows: 27 p, 1; 33 p, 6; 34 p, 8; 
35 p, 3; 36, 7; 37 pw, 9; 38 yu, 19; 39p, 12; 40p, 11; 41 py, 12; 
42 p, 4; 43 pw, 4; 44 p, 3; 46 yn, 1; and a distribution of values for 
width as follows: 16y, 3; 17», 7; 18p, 31; 19p, 32; 20yp, 23; 
21 p, 4. 

From Monacrosporium elegans the fungus is separated not only 
like Dactylella bembicodes by the smaller dimensions of its co- 
nidia, but also by their frequently 4-septate condition. On the 
other hand, the generous admixture of spores with no more than 
three cross-walls makes it ineligible for identification with D. 
ellipsospora, especially when considered in opposition to the more 
regularly 4-septate knobbed form treated herein under Grove’s 
binomial. It is therefore described as a new species under a name 
compounded of two words meaning “ bridge” and “trap” re- 
spectively. 


Dactylella gephyropaga sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, 2-5 crassis, ramulos 
glutinosos columnares 10-30 saepe circa 20 longos, 4-7 crassos, 
ex 1-3 cellulis compositos, inter se 20-30 distantes emittentibus; his 
ramulis diende subito recta hyphae originis regione saepe crescentibus, 
incrementis vicinis inter se ad instar ponticuli conjungentibus, ita laqueos 
quadrilateros modo separatos modo in rete mirabiliter scaliforme connectos 
texentibus; haerendo irretiendoque ramulis columnaribus et laqueis quadri- 
lateris vermiculos nematodeos capientibus, integumentum perforantibus, tuber 
mortiferum intrudentibus, hyphas intus evolventibus quae carnem exhauriunt ; 
atque alia animalia subinde tenentibus et carnem eorum assumentibus. 
Hyphae fertiles hyalinae, erectae, septatae, 225-500 altae, basi 5-7.5u 
crassae, sursum leviter fastigatae, propter apicem perspicuius attenuatae, 
ibi 1.5-2.7 « crassae, unicum conidium ferentes. Conidia hyalina, turbinea, 
27-46 uw (saepe circa 38.2%) longa, 16-21 (saepe circa 18.7) lata, raro 
2-septata, plerumque 3- vel 4-septata, quandoque 4-septata cellula infima 
obconica circa 7“ longa, huic proxima superiore cellula disciformi ad 6.2 u 
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longa, cellula antepaenultima dolioformi vel ventricosa circa 17.6 longa, 
cellula paenultima disciformi circa 4.7 » longa, cellula summa apice rotundata 
circa 4 longa. 

Vermiculos nematodeos multarum specierum vulgo usque .6 mm. longos, 
subinde Trinema enchelyn capiens consumensque habitat in materiis plantarum 
putrescentibus et in humo silvestri prope Madison, Wisconsin; Ames, Iowa; 
Cumberland et Beltsville, Maryland; in Arlington, Virginia. 


Mycelium spreading; the vegetative hyphae hyaline, septate, 
mostly 2 to 5 » wide, often, especially in the presence of nematodes 
giving rise at intervals frequently of 20 to 30, to adhesive co- 
lumnar branches 10 to 30, long and 4 to 7 » wide that consist 
generally of 2, less often of 1 or 3 cells—these branches later often 
abruptly changing their direction of elongation to grow parallel to 
the parent filament, the increments anastomosing with the neigh- 
boring branches, or with the similar increments put forth by the 
latter to form quadrilateral meshes, sometimes discrete but fre- 
quently compounded into scalariform networks of variable lengths, 
wherefrom adhesive columnar processes may be produced in turn; 
the columnar processes, meshes and networks capturing nematodes 
by adhesion and entanglement, then perforating the integument of 
each animal, and intruding a mortiferous excrescence that gives 
rise to assimilative hyphae which grow lengthwise through the 
body and appropriate the fleshy materials,—occasionally, also, cap- 
turing other animals to utilize their contents. Conidiophores 
hyaline, erect, septate, 225 to 500 high, 5 to 7.5 wide at the 
base, tapering gradually upward to within about 10, from the 
apex, from thence narrowing somewhat more markedly to a width 
of 1.5 to 2.7 at the tip whereon is borne usually a single co- 
nidium. Conidia hyaline, handsomely top-shaped, broadly rounded 
at the distal end, tapering toward the slightly protruded truncate 
base, 27 to 46 »w (average 38.2 ») long, 16 to 21 » (average 18.7 ») 
wide, rarely 2-septate, commonly 3-septate and 4-septate ; when 4- 
septate, the basal obconical cell averaging about 7 » in length, the 
second and disciform cell about 6.2 », the central barrel-shaped or 
ventricose cell about 17.6, the penultimate cell about 4.7 p, the 
apical cell about 4 p. 

Capturing and consuming nematodes commonly up to .6 mm. in 
length, belonging to many species of Acrobeles, Acrobeloides, 
Cephalobus, Diplogaster, Diploscapter, Plectus and Rhabditis, and 
sometimes capturing also specimens of Trinema enchelys, it oc- 
curs in decaying vegetable materials and‘in leaf mold near Madi- 
son, Wis., Ames, Ia., Cumberland, Md., and Beltsville, Md., and in 
Arlington, Va. 
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DACTYLARIA BROCHOPAGA 


The fungus bearing 3-septate cylindrical conidia in loose capitate 
arrangement, to which reference was made in an earlier summary 
(13: p. 268, lines 32-36; p. 269, fig. 14, A-C; p. 270, lines 1-6), 
has appeared occasionally in nematode-infested agar plate cultures 
following the addition of small quantities of leaf mold. In such 
cultures its straightforward vegetative hyphae bear at intervals 
stalked constricting rings (Fic. 13, A-C) that in manner of devel- 
opment as well as in shape, structure, and mode of operation, are 
indistinguishable from the predacious organs of Arthrobotrys 
dactyloides and Dactylella bembicodes. The assimilative hyphae 
extended through a captured nematode after the ring has squeezed 
it into a state of relative immobility, generally show no terminal 
modification in sharp-tailed animals (Fic. 13, D), but in blunt- 
tailed prey become distended at the tip (ric. 13, £) like the 
haustorial filaments of A. dactyloides. 

With ample nourishment the rather sparse mycelium in nema- 
tode-infested agar plate cultures gives rise to a scattering of erect 
fertile hyphae that terminate individually in a handsome radiating 
head containing mostly about a half dozen conidia (Fic. 13, F, a, b; 
G). The capitate arrangement of the multiseptate spores con- 
forms to the reproductive habit specified in the phragmosporous 
Mucedinaceae for the genus Dactylaria, though the stubby sterig- 
mata on which the conidia are borne appear to be broader and usu- 
ally more distinctly separated from one another (Fic. 13, //, J, a-c) 
than would seem implied in the descriptions of most recognized 
members of this genus. In pure culture on maizemeal agar, where 
the fungus gives rise to lustrous, radiating, and rather dense 
mycelial growth, spores are sometimes borne on relatively short 
conidiophores (Fic. 13, J, a-c) ; and their arrangement may re- 
veal all gradations between typically capitate and loosely racemose 
extremes (Fic. 13, J, f-j). In pure culture, too, the conidia ex- 
hibit somewhat more variability in size, shape and _ septation; 
though here, as also on wormy substrata, variations related to dif- 
ferences in cultural conditions can usually be distinguished from 
analogous variations referable to underlying differences between 


separate strains. The disparity in size evident between the as- 
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sortment of smallish spores shown in figure 13, K, a-m on the one 
hand, and the assortment of largish spores shown in figure 13, K, 
n-z on the other, is illustrative of a dimensional difference between 
two strains that has remained recognizable under varied conditions 
of culture. 

Not infrequently conidia germinate by giving rise to predacious 
rings, often of smaller size but otherwise resembling those borne 
on mycelial filaments (ric. 13, L-P). A nematode ensnared in 
such a ring continues to move about for some time, being impeded 
slightly, to be sure, by the conidium buckled absurdly to its side. 
With constriction becoming steadily more severe, its movements 
gradually slacken and finally come to a halt ; whereupon extension 
of hyphae lengthwise through the paralyzed body and assimilation 
of the fleshy contents follow much as in captured specimens. 

Both in pure and in nematode-infested cultures, the fungus, as 
has been intimated previously, shows a general parallelism with 
Arthrobotrys dactyloides; so that the more abundant septation of 
its conidia, because of which it needs to be referred to a different 
genus, provides at the same time the feature most decisively dis- 
tinguishing it as a species. Dactylaria echinophila Massal., pos- 
sibly to be reckoned among the members of the predacious series, 
offers similarity with respect to number of cross-walls in the co- 
nidium, but the dimensions given by Saccardo, 16-26 x 4-5 p, 
would seem to indicate a definitely smaller fungus. Certainly the 
plant with conidiophores 25 » high and conidia measuring 17-22 
X 3.2-3.5 w, that Rostrup (59) perhaps correctly listed under 
Massalongo’s binomial, appears too small to be identified with the 
present species; and judging from the figure given by the Danish 
mycologist, differs besides in the delicate attachment and equi- 
distant septation of its spores. D. orchidis Cooke & Mass. with 
3-septate conidia 40 to 50 long and 7 to 9p wide, differs 
markedly in the much greater width, 10 to 12 », and orange colora- 
tion of its conidiophores. The dilute purple color tinging the re- 
productive parts of D. purpurella (Sacc.) Sacc., appears alien not 
only to the present species, but to the predacious series generally. 
Other congeneric forms likewise present quite decisive differences 
from the fungus under consideration: D. acicularis Rostrup (59) 
in the awl-like shape of its narrow conidia; D. mucronulata Ell. & 
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Langl. in its much smaller conidial dimensions—8-10 x 2.5-3 p»; 
and D. pulchra Linder (39) as well as D. oogena (Mont.) Sacc. 
in its more abundant conidial septation. 

The species is therefore described as new under a name com- 


‘ ’ 


pounded of two words meaning “noose” and “ snare” respec- 


tively. 
Dactylella brochopaga sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, 1.7-4.5 4 crassis, laqueos cir- 
culares 20-35 latos, in 3 cellulis arcuatis plerumque 14-28 longis medio 
4-7 wu extremo 2.5-6 crassis consistentes, ex ramulo biloculari 7-13 » longo, 
3.5-6 crasso proferentibus; his laqueis vermiculos nematodeos illaquentibus, 
deinde tum per contractionem inflationemque trium loculorum animalia 
magnopere comprimentibus, ita haec interficientibus, statim integumentum 
perforantibus et hyphas intus evolventibus quae carnem exhauriunt. Hyphae 
fertiles hyalinae, septatae, erectae, 40-400 « saepe 200-325 u altae, basi 4-7 w 
crassae, sursum leviter fastigatae, apice 2.4-3.5 u crassae, ibi ex sterigmatibus 
brevibus obtusis 2-12 saepius 3-8 conidia in capitulum pulchrum radians 
aggregata ferentes vel subinde usque 15 conidia in parte superiore rarius 
digesta gerentes. Conidia recta vel curvata, cylindracea vel elongato- 
ellipsoidea, apice rotundata, basin versus paulo attenuata, 26-464 longa, 
5-9 u crassa, 2-4 septata, plerumque tribus septis in 4 loculos divisa, loculis 
infimo et apicali tum fere inter se subaequalibus sed aliquanto longioribus 
quam loculis antepaenultimo et paenultimo qui inter se etiam aequales sunt. 

Vermiculos nematodeos multarum specierum vulgo usque .6 mm. longos 
laqueans consumensque habitat in humo silvestri prope Cumberland, Mary- 
land, et in Arlington, Virginia. 


Mycelium spreading ; the vegetative hyphae hyaline, septate, 1.7 
to 4.5 » wide, often especially in the presence of nematodes produc- 
ing underneath and at right angles to their axes approximately cir- 
cular rings 20 to 35» in outside diameter, composed individually 
of 3 arcuate cells 14 to 28 » long, 4 to 7 » wide in the middle and 
2.5 to 6 wide at the ends—the first and third of the cells being 
united usually to one another as well as to the distal end of the 
slightly curved supporting branch 7 to 13 » long, 3.5 to 6 » wide, 
and consisting mostly of 2 cells whereof the basal one is usually 
the shorter; after ensnarement of a nematode, the individual ring 
through contraction and inflation of its component arcuate cells 
constricting the animal to death or into a state of reduced activity 
preceding death, then perforating the integument and extending 
assimilative hyphae lengthwise through the interior to appropriate 
the fleshy contents. Conidiophores hyaline, septate, erect, 40 to 
400 », more typically 200 to 325 » high, 4 to 7 » wide at the base, 
tapering gradually upward to a width of 2.4 to 3.5 near the tip, 
there bearing on short blunt sterigmata 2 to 12, mostly 3 to 8 co- 
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nidia in beautiful radiating capitate arrangement—or less often and 
less typically producing up to 15 conidia in more scattered, irregu- 
larly racemose arrangement. Conidia hyaline, straight or slightly 
curved, cylindrical or elongate ellipsoidal, broadly rounded at the 
apex, usually tapering noticeably toward the somewhat truncate 
base, 26 to 46 » long, 5 to 9» wide and containing 2 to 4 cross- 
walls, though most frequently divided by 3 septa into 4 cells—the 
basal and apical cells then approximately equaling one another in 
size, but exceeding in length by a third or even a half the ante- 
penultimate and penultimate cells, which also are approximately 
equal to one another. 

Ensnaring and consuming nematodes commonly up to .6 mm. in 
length, belonging to many species of Acrobeles, Acrobeloides, 
Cephalobus, Diplogaster, Diploscapter, Piectus, Rhabditis and 
Mononchus, it occurs in leaf mold in deciduous woods near Cum- 
berland, Md., and in Arlington, Va. 


DACTYLARIA THAUMASIA 


The fungus whose production of*3-septate obovoid conidia in 
loose heads was referred to in an earlier summary (12: p. 139, 
7, 8, 18-20, fig. 5, A, D) occurs widely in decaying plant remains. 
After having been first obtained in old isolation agar plate cultures 
planted with decaying rootlets of spinach, it has frequently made 
its appearance in nematode-infested cultures following addition of 
leaf mold from supplies of this materials collected as opportunity 
offered in deciduous woods in several widely separated localities. 
Often, especially under moist conditions, when the surface of the 
substratum is lubricated with bacterial slime in a manner greatly 
reducing the effective leverage of nematodes, it destroys these ani- 
mals in such large numbers that here and there accumulations of 
their remains become plainly visible to the naked eye as scabby de- 
posits. The apparatus through which this destruction is accom- 
plished, closely resembles that of Arthrobotrys oligospora and A. 
conoides, similarly consisting of rather wide hyphal bails and loops, 
which at first are discrete but later usually become compounded into 
more or less extensive reticula (Fic. 14, A, B). Capture is 
brought about through adhesion combined frequently, especially 
under drier conditions, with physical entanglement. It promptly 
leads to perforation of the animal's integument, intrusion of one 
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or more globose structures, and extension of assimilative filaments 
lengthwise within the paralyzed body precisely as in other retiary 
species (Fic. 14, C). 

In the beginning the conidiophores arising at intervals from the 
straightforward vegetative filaments that make up the sparse my- 
celium of the fungus in nematode-infested cultures, might easily 
be mistaken for fertile hyphae of Dactyleila bembicodes and D. 
gephyropaga, which they closely resemble in stature and in pro- 
duction of large obovoid conidia. With an ample supply of eel- 
worms to provide continued nourishment, a distinctive difference 
soon becomes evident in that additional conidia are developed by 
the individual sporophores, either on terminal prolongations or on 
rather broad stubby sterigmata that project at wide angles from 
the distal portion of the axis. Though on wormy substrata the 
spores borne on a sporophore ordinarily do not exceed three or 
four in number, their arrangement in terminal heads makes for a 
handsome appearance under a microscope of low magnification. 
Even more impressive reproductive.apparatus is obtained in pure 
culture on maizemeal agar if the fungus is permitted to continue 
development for several weeks by being protected against early 
desiccation of the medium. Very often about a dozen (Fic. 14, 
D, E) and sometimes more than a score of conidia may then be 
found in beautiful capitate clusters held aloft on tall conidiophores. 
In very copiously laden conidial apparatus the sterigmata are fre 
quently borne in large part on short lateral branches (Fic. 14, 7), 
whereas in apparatus more moderately prolific the sterigmata arise 
mainly from the axis itself (ric. 14, N-P). 

The conidia closely resemble those of Dactylella bembicodes 
and D. gephyropaga not only in shape but also in size. A some- 
what greater variability in dimensions is usually apparent here, the 
100 presumably representative conidial measurements from which 
were obtained the relevant metric data submitted in the diagnosis 
below, giving a distribution of values for length expressed to the 
nearest micron, as follows: 27 p, 1; 28 p, 1; 30 yp, 5; 31 p, 5; 32», 
5; 33 p, 5; 34p, 11; 35, 10; 36, 13; 37 p, 4; 38 yp, 7; 39 pn, 5; 
40 p, 7; 41 p, 5; 42 p, 5; 43 p, 3; 45 p, 1; 46 pn, 3; 47 p, 2; 48 p, .: 
49 », 1; and a distribution of values for width as follows: 15 p, 1; 
16 p, as 17 p, 12; 18 p, 19; 19 p, 20; 20 p, 19; 21 Ps 14; 22 p, 9; 
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23 pw, 3. Of the 100 conidia, which were taken at random in equal 
numbers from maizemeal agar plate cultures of four separate 
strains, 4, probably somewhat immature, contained one septum de- 
limiting a small basal cell from a large distal one (ric. 14, F) ; 17 
contained two septa, which, except in one specimen with two small 
proximal cells below a large distal cell, delimited a small basal and 
a small apical segment from a large central segment (Fic. 14, G; 
FIG. 18, L, b-e) much as in the atypical biseptate swollen spores of 
Arthrobotrys dactyloides (Fic. 18, K, d-f, i, j, l, m,n, p) ; 77 con- 
tained three septa which, except in one specimen with three small 
proximal cells below a large distal cell (ric. 14, H), delimited, 
after the manner usual in D. bembicodes, a small basal, a small 
antepenultimate, a large penultimate, and a small apical cell (Fic. 
14, D, E; Fic. 18, L, a); and 2 contained four cross-walls, these 
partitions in one specimen being spaced symmetrically after the 
manner usual in D. ellipsospora to delimit two small proximal cells 
below and two small distal cells above a large middle cell, while 
the other specimen showed an arrangement of three small proximal 
segments, a large penultimate and a small apical segment (Fic. 14, 
I,J; ric. 18, L, f). 

Like the three larger retiary species of Arthrobotrys, the fungus 
produces yellow thick-walled chlamydospores (ric. 14, Q-S) 
within the substratum. In pure culture on maizemeal agar these 
bodies are sometimes formed in numbers so large that the sub- 
stratum is given a perceptibly rusty color. When examined under 
a microscope of high magnification, two layers can usually be 
recognized in the enveloping wall, though perhaps more from dif- 
ferences in transparency than from spatial separateness. 

Since on decaying natural materials with meager nematode in- 
festation its poorly nourished conidiophores often give rise to only 
a single conidium, or at most to two or three conidia, the fungus 
obviously can not always be reliably distinguished on natural 
opaque substrata from Dactylella bembicodes or from D. gephyro- 
paga. Positive identification of the species accordingly requires 
either cultivation on some transparent nematode-infested sub- 
stratum to reveal its predacious apparatus, or somewhat prolonged 
development in pure culture under favorable conditions to bring to 
light its distinctive capitate reproductive habit. From Monacro- 
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Sporium elegans it is separated not alone by its capitate habit, but 
also, like D. bembicodes and D. gephyropaga, by its definitely 
shorter conidia. M. megasporum, presumably, too, a closely re- 
lated member of the predacious series, and in any case a truly 
capitate form, appears (4) no less clearly distinct from the present 
species by virtue of larger conidial dimensions, 35-57.5 » & 15.5- 
27.5 », an ellipsoid rather than turbinate shape of its conidia, and 
the small size of the warty spore-bearing protuberances that beset 
the slightly enlarged tip of the sporophore somewhat as in Arthro- 
botrys dactyloides. 

As the fungus under consideration evidently is different from 
any hitherto named in the literature, its description as a new spe- 
cies seems justified. The frequently spectacular appearance of its 
conidial apparatus suggests employment of a word meaning 
“wonderful ” as a suitably expressive specific epithet. 


Dactylaria thaumasia sp. nov. 


Mycelium effusum; hyphis hyalinis,. septatis, plerumque 2-8 crassis, 
laqueos tenaces arcuatos vel circulares in reticula fere conjunctos saepe 
evolventibus; his laqueis vermiculos nematodeos illaqueantibus, deinde tum 
integumentum perforantibus, tuber mortiferum intrudentibus, hyphas intus 
evolventibus quae carnem exhauriunt. Hyphae fertiles septatae, erectae, 
250-450 u altae, basi 4-84 crassae, sursum paulo fastigatae, prope apicem 
2.2-3.3 u crassae, ibi saepe plus minusve ramosae et ex sterigmatibus obtusis 
vulgo 2-10 longis, 2-3 crassis 3-15 raro usque 25 conidia in capitulum 
laxum pulchrum aggregata gerentes. Conidia hyalina, speciose turbinea, 
27-49 u (saepe circa 37) longa, 15-23 (saepe circa 19.2) lata, 1-4- 
septata, saepissime in 4 cellulis consistentia—cellula infima obconica saepe 
circa 5.8 longa, cellula antepaenultima disciformi saepe circa 4.9 longa, 
cellula paenultima ventricosa dolioformi saepe circa 22.7 longa, cellula 
summa apice rotundata saepe circa 4.6 longa. Chlamydosporae flavidae, 
globosae, plerumque 18-28 latae, maturitate membrana vulgo 1.4-2.54 
crassa. 

Vermiculos nematodeos multarum specierum vulgo usque .6 mm. longos 
irretiens consumensque habitat in radicibus Spinaciae oleraceae putrescentibus 
prope Norfolk, Virginia, etiam in humo silvestri prope Beltsville, Maryland ; 
Madison, Wisconsin; et in Arlington, Virginia. 

Mycelium spreading ; the vegetative hyphae hyaline, septate, 2 
to 8 » wide, often, especially in the presence of nematodes produc- 
ing bail-like arches and loops mostly 25 to 35 » wide, which may 
remain discrete but are frequently compounded into networks,— 
the hyphal bails, loops, and networks capturing nematodes through 
adhesion and entanglement, then perforating the integument of 
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each animal and intruding a mortiferous excrescence that gives 
rise to assimilative hyphae which grow lengthwise through the 
body and appropriate the fleshy materials. Conidiophores hyaline, 
erect, septate, 250 to 450 » high, 4 to 8 » wide at the base, tapering 
upward to a width of 2.2 to 3.3, simple or often somewhat 
branched near the tip, and there bearing on blunt sterigmata, 
mostly 2 to 10 » long and 2 to 3 » wide, usually 3 to 15, rarely up 
to 25 conidia in beautiful loose capitate arrangement. Conidia 
hyaline, handsomely top-shaped, rounded at the apex, tapering 
toward the frequently somewhat protruding truncate base, 27 to 
49 » (average 37 ») long, 15 to 23 (average 19.2 1) wide, con- 
taining 1 to 4 septa, but most often divided by 3 cross-walls into 
4 cells—the obconical basal cell then averaging 5.8, in length, 
the disciform antepenultimate cell 4.9 », the broadly ventricose or 
barrel-shaped penultimate cell 22.7 1, and the apical cell 4.6 p. 
Chlamydospores yellow, globose or ellipsoidal, mostly 18 to 28 » 
in diameter, at maturity surrounded by a wall commonly 1.4 to 
2.5 p thick. 

Capturing and consuming nematodes generally up to .6 mm. 
long, referable to many species of Acrobeles, Acrobeloides, Cepha- 
lobus, Diplogaster, Diploscapter, Plectus and Rhabditis, it occurs 
in decaying roots of Spinacea oleracea near Norfolk, Va., and 
also in leaf mold in deciduous woods near Beltsville, Md., near 
Madison, Wis., and in Arlington, Va. 


DACTYLARIA CANDIDA (Nees) Sacc. 


The predacious fungus that was sketchily characterized in a 
synoptic account (12: p. 139, lines 20-24, fig. 6, A, B) as produc- 
ing narrow spindle-shaped conidia in loose capitate arrangement, 
and that later (15) on somewhat more detailed consideration was 
identified with Dactylaria candida, has been observed from time 
to time in nematode-infested agar plate cultures to which small 
quantities of leaf mold had previously been added. Its effuse my- 
celium is somewhat delicate in comparison with the mycelium in 
most other nematode-capturing members of the series, the rather 
straightforward hyphae composing it measuring generally between 
1.2 wand 3 win width. On these hyphae, under conditions inviting 
its development, and more especially in the presence of free-living 
nematodes, is formed predacious apparatus consisting as in Dac- 
tylella lysipaga and D. leptospora of unicellular knobs and non- 
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constricting rings. The knobs, globose or prolate ellipsoidal in 
shape, measuring commonly 4 to 7 » in length and 3.8 to 6p in 
width, are supported on slender stalks mostly 4 to 15 » long and 
1 to 1.4» wide (Fic. 15, A, a-e). The rings, usually 15 to 23 » in 
outside diameter, are composed generally of three arcuate cells 
2.5 to 4 in width; the proximal segment often being noticeably 
inflated where it joins the stalk, which is frequently circinate or 
otherwise curved, and measures commonly 10 to 35 » in length and 
1.2 to 1.8 in width (Fic. 15, B-J). 

The stalked knobs have rarely been seen operative, and then 
only in the capture of the smallest and feeblest nematodes ; though 
as was intimated earlier their usual ineffectiveness in agar media 
need not imply any lack of competence in natural substrata of much 
different physical texture. Ensnarement in a ring, on the other 
hand, always results in destruction of the nematode concerned, 
regardless of whether the encircling structure remains attached 
to its stalk (Fic. 15, K), or is torn off therefrom (Fic. 15, L). 
The bursiform body, often about: 8» long and 6» wide, that is 
intruded after the integument has been penetrated by a narrow 
process from the inner surface of the ring, is not sufficient to dis- 
able the animal, which therefore continues to move about with 
gradually diminishing briskness until assimilative hyphae have 
been extended well through its interior. In fairly large nematodes 
these hyphae, sometimes as much as 4 » wide, attain rather luxu- 
riant development (Fic. 15, 1). Appropriation of the fleshy con- 
tents makes possible the growth of new mycelial filaments arising 
mainly from the outer surface of the ring. 

Thus both in structure and in operation of its predacious organs 
the fungus shows an obvious parallelism to Dactylella lysipaga that 
is extended, though with a smaller degree of exactness, in its 
conidial apparatus. Sporulation, especially in pure culture, is 
inclined to be capricious, sometimes taking place only on a very 
meager scale despite a vigorous condition of the underlying myce- 
lium. Exposure to sunlight for brief periods has often proved 
helpful in stimulating reproductive development in refractory ma- 
terial; yet even under the most favorable conditions the conidio- 


phores scarcely ever become clearly visible to the naked eye. Com- 
monly 3 to 5 » in diameter at the base, they taper gradually upward 
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to a width of 1.3 to 2.4 » near the tip, where, 150 to 300 » or even 
400 » above the substratum, 3 to 10 conidia are borne in strikingly 
handsome capitate arrangement (Fic. 15, 1, N, O). As was set 
forth earlier, the spores are attached individually to stubby sterig- 
mata, usually simple yet occasionally branched, and measuring 
commonly 2 to 12 in length, 1 to 2 in width at the base, and 
8 to 1.44 in width at the apex (Fic. 15, P-T; U, a-d). The co- 
nidia themselves vary in shape from clavate-fusoid to fusoid; in 
length from 26 » to 52 », mostly from 30 » to 45 »; and in diameter 
from 5.5 » to 11.5», mostly from 7 » to 10» (Fic. 15, V, a-s; W, 
a-p). While the number of cross-walls dividing the conidia varies 
from two in some of the shorter specimens, to six in some of the 
longer ones, the 4-septate condition, with the partitions so spaced 
as to give greater length to the median or antepenultimate cell than 
to any of the other segments, generally predominates. On rather 
dry substrata fallen conidia often show repetitive development in 
giving rise to small conidiophores (Fic. 15, X) and secondary 
conidia. ; 

From Dactylella lysipaga the fungus under discussion differs 
mainly in the lesser diameter of its conidia, and in the production 
of these bodies in heads rather than singly or, at most, in pairs. 
The capitate habit here can not be considered as resulting from 
luxuriant development any more than the usually solitary sporu- 
lating habit of D. lysipaga or of D. ellipsospora can be regarded 
as expressive of a depauperate condition. For however abun- 
dantly spores may be formed in cultures of the latter two species, 
a capitate arrangement is never brought about ; whereas in cultures 
of the present form the conidia are disposed in heads even when 
produced only in meager quantity. 

The fungus is identified as Dactylaria candida mainly because 
of its general agreement with the diagnosis given by Saccardo (61) 
for that species. Historically the species dates back to 1816 when 
the elder Nees von Esenbeck (50) described under the binomial 
Dactylium candidum a white, gregarious, inconspicuously pulveru- 
lent mold found on the inner surface of old loosened oak bark— 
erecting on it a genus characterized by simple upright hyphae 
bearing terminally three or four elongate-clavate, short-celled 
conidia. No statement was made regarding the number of cross- 
walls in the conidia, but the minute figure accompanying the de- 
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scription shows a decided predominance of 3-septate over 4-septate 
spores. Conidia with three cross-walls preponderate seemingly 
to the exclusion of 4-septate specimens in the equally minute fig- 
ures of the species published by Chevallier (7) a decade later. In 
1837 the younger Nees von Esenbeck and Henry (51) published 
illustrations of D. candidum showing some 3-septate conidia to- 
gether with a smaller number of 4-septate ones. Later Bonorden 
(5) in a figure of D. candidum, drawn presumably at first hand 
and to a slightly less parsimonious scale, represented conidia con- 
taining four cross-walls in equal number with conidia having five 
cross-walls. Oudemans (52), who recognized as D. candidum a 
form growing on goat dung and producing spores 46 to 56 » long 
and 7 to 9.3 » wide, disapproved of Bonorden’s illustration on the 
ground that it exaggerated the number of conidial septa, which he 
considered more accurately set forth in Nees’ figure. Neverthe- 
less, when soon thereafter Saccardo transferred the species to the 
newly erected genus Dactylaria, his diagnosis brought together 
Bonorden’s representations concerning spore septation with the 
metric data supplied by Oudemans. The description thus com- 
piled was adopted by Lindau without significant change. 

References to Dactylaria candida in the more recent as also in 
the older literature are so few that an established usage relative to 
the binomial can hardly be said to exist. The substrata on which 
the species has been reported, decaying oak bark and goat dung 
are materials congenial ‘for the development of nematodes, and 
consequently also for the development of fungi that subsist on 
these animals. The reproductive habit described and figured in 
the older accounts conforms at least in a general way with that 
of predacious fungi when found on natural substrata. Finally, 
whether by accident or because of specific identity, the morpho- 
logical details set forth in the diagnosis generally accepted for the 
species agree so well with those revealed in the predacious fungus 
under consideration, that for the present at least, disposition of 
the latter elsewhither could not readily be defended. 


DACTYLARIA POLYCEPHALA 


A fungus of more than ordinary taxonomic interest made its 
appearance a few times in nematode-infested agar plate cultures to 
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which had been added small quantities of decaying leaves and 
stems of the baby-dewflower (Commelina longicaulis Jacq.) kindly 
supplied by F. L. Wellman from his plots in an experimental 
greenhouse. Here and there on the rather delicate straightfor- 
ward hyphae that made up its sparse mycelium were borne preda- 
cious networks resembling in general design those of Dactylaria 
thaumasia and the retiary species of Arthrobotrys. <A distinctive 
difference was nevertheless evident in that the networks here, 
though frequently more extensive than in other forms, were com- 
posed of noticeably smaller hyphal bails (Fic. 16, A-C) and thus 
presented a characteristically more intricate appearance. More- 
over, the reticula were developed under the surface of the sub- 
stratum much more generally than are the predacious networks 
of other retiary species. In operation, on the other hand, they 
revealed no new departure. Capture of nematodes was effected 
through adhesion and entanglement; the integument of each ani- 
mal was narrowly perforated; a bulbous structure was intruded 
into the captive; and from the bulbous structure assimilative hy- 
phae were extended lengthwise through the paralyzed body to 
appropriate the degenerating fleshy materials (Fic. 16, D, E). 

In nematode-infested cultures the erect conidiophores were often 
widely scattered, and usually grew to a height of 100 to 250 » be- 
fore giving rise to the single terminal cluster of conidia. Far more 
luxuriant development ensues when the fungus is grown in pure 
culture on maizemeal agar. A beautiful pinkish aerial mat is then 
produced, which under the microscope is seen to be composed of 
numerous sporophores, often somewhat prostrate and entangled 
with one another. An individual sporophore here, after producing 
a first conidial cluster sometimes no more than 50 » from its base, 
gives rise successively to additional clusters following repeated 
elongation from the sporiferous tip, varied occasionally by lateral 
branching some distance below the tip (ric. 16, F, G). The co- 
nidia slightly resemble those of Arthrobotrys musiformis in gen- 
eral shape, but differ from them in being larger and more abun- 
dantly septate (Fic. 16, H, a-w). Of the 100 conidia taken at 
random whose measurements were used to obtain the relevant 
metrical data submitted in the diagnosis below, 59 were divided 
by four cross-walls, 36 were divided by three cross-walls, and 5, 


















































i 
i 
if 





530 Mycotrocta, Vor. 29, 1937 


probably somewhat immature, were divided by two cross-walls. 
Germination takes place by the production usually of two polar 
germ tubes (Fic. 16,7). In moist material anastomoses of germ 
tubes with one another or with conidia (Fic. 16, J), and, indeed, 
vegetative fusion of mycelial filaments generally, occur frequently 
as in other members of the series. 

The fungus shows such obvious parallelism, both in reproduc- 
tive habit and in make-up of predacious apparatus, to the retiary 
species of Arthrobotrys that its assignment to another genus, 
however clearly necessitated by the plural septation of its conidia, 
can not be regarded with any gratification. Unfortunately, be- 
sides, in the definition of Dactylaria, to which among existing 
phragmosporous genera it needs to be referred, no provision is 
made for nodose or repeatedly capitate forms. A rather slight 
modification in generic concept to allow the inclusion here of such 
a repeatedly capitate form, like the opposite extension of Arthro- 
botrys to permit inclusion of the monocephalous species A. musi- 
formis and A. dactyloides, appears somewhat preferable to the 
erection of a new genus. 


Dactylaria polycephala sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, 1.8-4.5 crassis, laqueos 
tenaces arcuatos vel circulares, 15-25. latos in retia pulchra magna saepe 
conjunctos evolventibus—his laqueis retibusque vermiculos nematodeos 
illaqueantibus, diende tum integumentum perforantibus, tuber debilitans in- 
trudentibus, hyphas intus evolventibus quae carnem exhauriunt. Hyphae 
fertiles hyalinae, septatae, primo erectae, postea saepe plus minusve pro- 
cumbentes, 3-4.5 « crassae, 50-250 » supra basin 3-12 subinde usque 15 conidia 
in capitulum primum ferentes, deinde identidem recrescentes alia similia 
capitula deinceps gerentes. Conidia hyalina, fusoideo-ellipsoidea, apice 
rotundata, basi acutiuscula, subinde 2-septata, saepe 3-septata, saepissime 
4-septata, ad septa interdum leviter constricta, 35-46 (saepe circa 40.7 ») 
longa, 8.5-12.5 m (saepe circa 10.9) lata. 

Vermiculos nematodeos multarum specierum vulgo usque .5 mm. longos 
laqueans consumensque habitat in foliis caulibusque Commelinae longicaulis 
putrecentibus in viridario prope Beltsville, Maryland. 


Mycelium spreading; the vegetative hyphae hyaline, septate, 
mostly 1.8 to 4.5 » wide, often especially in the presence of nema- 
todes, producing from anastomosing elements 3 to 6 » wide, hyphal 
bails and loops 15 to 25 w in diameter, which, at first discrete, are 
later usually compounded into handsome, extensive networks— 
these bails, loops, and networks capturing nematodes through ad- 








































DRECHSLER: HyPHOMYCETES 531 


hesion and entanglement, then perforating the integument of each 
animal, and intruding a disabling globose excrescence that gives 
rise to assimilative hyphae which grow lengthwise through the 
body and appropriate the fleshy materials. Conidiophores hyaline, 
septate, at first erect, later often more or less procumbent, 3 to 
4.5 » wide, at a distance of 50 to 250 from the base producing 
3 to 12 conidia, occasionally up to 15 conidia, in a terminal head, 
then following repeated elongation often giving rise successively 
to additional conidial clusters. Conidia hyaline, fusoid-ellipsoidal, 
rounded at the distal end, somewhat acute at the base, occasionally 
2-septate, often 3-septate, most often 4-septate, sometimes slightly 
constricted at the septa, 35 to 46 (average 40.7 ») long, 8.5 to 
12.5 »p (average 10.9 ») wide. 


Capturing and consuming nematodes commonly up to .5 mm. in 
length, belonging to many species of Plectus and Rhabditis, it oc- 
curs in decaying leaves and stems of Commelina longicaulis in a 
greenhouse near Beltsville, Md. 


TRIPOSPORINA APHANOPAGA 


The weakly predacious fungus with inversely pyramidal conidia 
that was briefly discussed and illustrated in an earlier summary 
(12: p. 139, fig. 9, A, C; p. 140, lines 14-22) has been observed 
occasionally in nematode-infested agar plate cultures following the 
addition of small quantities of leaf mold. In such cultures it ap- 





parently always subsists on nematodes, though well differentiated 
organs of capture havesnever been seen associated with the nar- 
row filaments that make up its sparse mycelium. Only very small 
eelworms have been found utilized, their contents in each instance 
being appropriated by means of assimilative hyphae extending 
lengthwise through the fleshy interior. These assimilative hyphae 
arise from a usually somewhat swollen cell manifestly intruded, 
after narrow perforation of the integument, from the tip of a 
hyphal branch variable in length and generally slightly wider than 
the parent mycelial filament (Fic. 17, A-E; F, a). An arrange- 
ment of parts is thus evident corresponding essentially to that 
revealed when nematodes have been captured and are being ex- 
hausted of their digestible substance by Pactylella ellipsospora or 
D. asthenopaga. The thoroughgoing analogy strongly suggests 
that the present species before consuming a nematode first cap- 
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tures it through adhesion; though active struggles testifying to a 
predacious relationship have so far not come under observation. 

As might be expected in view of its feeble aggressiveness, the 
fungus gives rise only to meager reproductive apparatus. In 
stature, in an occasional branching habit, and in frequent produc- 
tion of secondary conidiophores, its fertile hyphae (Fic. 17, F, b; 
G, H) invite comparison with those of the less robust species of 
Dactylella, and more particularly, perhaps, with the sporophores 
of D. asthenopaga. Much more distinctiveness attaches to the 
conidia; first appearing as obconical or inverted flask-shaped ter- 
minations (FIG. 17, S), they bifurcate twice at broad angles (Fic. 
17, G) to develop into obpyramidal bodies with usually four di- 
vergent distal apices (Fic. 17, F, b; H-R). The number of parti- 
tions in the conidia varies from three in obviously imperfect speci- 
mens (FIG. 17, F, c), to twelve in specimens that may be considered 
perfect with regard to cellular composition (Fic. 17, P, R). The 
13 segments making up the 12-septate conidia include a small, 
often obconical basal segment ; a widening disciform segment ad- 
jacent to the basal one; a large central segment, distally wedge- 
shaped, third in position from the base, and forming the terminal 
portion of the axis; two largish paired antepenultimate segments, 
hemicylindrical in shape, borne on the oblique converging facets of 
the central segment, their long axes directed parallel to one another 
and at right angles to the main axis; four small tapering disciform 
penultimate segments, one being joined to each end of the two 
antepenultimate segments; and finally four small conical distal 
segments, each surmounting one of the penultimate segments, and 
forming with it one of the four divergent terminations. Reduc- 
tion in number of cross-walls usually comes about through omis- 
sion of one or both partitions in one or more of the distal termina- 
tions (Fic. 17, F, b; H, I-O; Q), less often through omission of 
a septum in the axial part (Fic. 17, F, c). 

In pure culture on maizemeal agar the fungus extends its my- 
celium radially only about .1 mm. in 24 hours—less than any other 
member of the predacious series, not even excepting such slow- 
growing forms as Dactylella bembicodes and Pedilospora dactylo- 


paga. Slow vegetative growth would seem rather frequently as- 
sociated in the series with a branched condition of the conidia— 
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the association, if somewhat unusual among nematode-capturing 
members, coming to light often among forms predacious on rhizo- 
pods or parasitic on other fungi. As was intimated earlier (16), 
the distinctive conidium of the species under consideration may 
be construed as a conidium of the broad type found in D. bembi- 
codes that has been modified by two successive bifurcations. It 
appears to conform in general design to requirements set forth by 
Hohnel (33) in his diagnosis of the genus Triposporina. Since 
T. uredinicola Hohn., on which the genus was erected, is parasitic 
on the rust Puccinia Derris (P. H.) Hohn., it may possibly be- 
long in the predacious series; though specific identity with my 
fungus would seem definitely precluded by the proportionately 
much smaller central cell and the generally different conidial shape 
depicted in Hohnel’s figures. 

An epithet compounded of two words meaning “ unseen” and 
“trap” respectively, may appropriately suggest the absence of 
conspicuously differentiated predacious organs. 


Triposporina aphanopaga sp. nov. 


Mycelium parvum; hyphis sterilibus hyalinis, septatis, vulgo 1.5-3u 
crassis, ramos saepe 20-75 longos, 2-3.5 crassos gerentibus,—his ramis 
vermiculos nematodeos attingentibus, integumentum eorum perforantibus, 
tuber circa 5 lata interdum intrudentibus, hyphas intus semper evolventibus 
quae carnem exhauriunt. Hyphae fertiles hyalinae, erectae, septatae, sim- 
plices vel parce ramosae, 150-275 altae, basi circa 3m crassae, sursum 
leviter fastigatae, apice circa 1.5 crassae, unicum conidium saepius ferentes. 
Conidia hyalina, 20-25 longa, bis late bifurca itaque obpyramidalia, 3-12 
septata; quandocunque in 13 loculos divisa parte infima obconica ex 2 
loculis parvis composita, parte media in cellula magna sursum aliquantum 
cuneata consistente, parte summa in binis cellulis oblique lateralibus ante- 
paenultimis ambabus in corniculum conicum biloculare utrimque abeuntibus 
consistente—4 bilocularibus corniculis divaricatis, binis unius antepaenultimae 
cellulae inter se apice 16-224 distantibus, binis ex aliis cellulis ante- 
paenultimis inter se apice 20-25 u distantibus. 

Vermiculos nematodeos minutos, praesertim pullulos Plecti communis et 
Plecti parvi consumens, habitat in humo silvestri, prope Beltsville, Maryland, 
et in Arlington, Virginia. 


Mycelium meager ; vegetative hyphae hyaline, septate, commonly 
1.5 to 3» wide, here and there bearing branches often 20 to 75 p 
long and 2 to 3.5 wide—these branches individually becoming 
applied to nematodes, narrowly perforating the integument of each 
animal, sometimes intruding a globose body about 5 » in diameter, 
but in any case extending lengthwise through the interior assimi- 
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lative hyphae that appropriate the fleshy contents. Conidiophores 
hyaline, septate, erect, simple or occasionally branched, 150 to 
275 » high, about 3 » wide at the base, tapering gradually upward 
to a width of approximately 1.5 » at the apex, and there bearing a 
single conidium. Conidia hyaline, 20 to 25 » in length along the 
vertical axis, successively twice dichotomous at wide angles, in- 
versely pyramidal, containing 3 to 12 septa,—in specimens divided 
by 12 septa into 13 cells, the lower part obconical and composed 
of 2 small cells; the middle part consisting of a large cell, obconi- 
cal below, inversely wedge-shaped above ; the upper part composed 
of 2 largish paired cells, hemicylindrical in shape, their long axes 
parallel to one another but at right angles to the main axis, each 
terminating at both of its ends in a 2-celled conical process—the 
apices of two processes from the same antepenultimate cell 16 to 
22 » apart, those of two processes on the same side of the spore 
but borne on separate antepenultimate cells generally 20 to 25 
apart. 

Subsisting on small nematodes, more particularly on larvae of 
Plectus communis Butschlii and P. parvus Bastian, it occurs in 
leaf mold in deciduous woods near Beltsville, Md., and in Arling- 


ton, Va. 
TRICHOTHECIUM POLYBROCHUM 


The fungus producing large, obovoid, uniseptate conidia and 
constricting rings that was dealt with synoptically in an earlier 
summary (12: p. 139, fig. 10, A-C; p. 140, lines 22-30) has not 
been seen elsewhere thah in the nematode-infested agar plate cul- 
ture in which it was first encountered. As at the time there was 
no reason for expecting any difficulty in recovering the species, 
the material was given little more than the usual preliminary study ; 
so that of necessity the present treatment remains somewhat defi- 
cient in detail. Fortunately the predacious organs need no ex- 
tended description, consisting as they do of constricting rings 
closely similar to those of Arthrobotrys dactyloides, Dactylella 
bembicodes and Dactylaria brochopaga not only in arrangement 
(Fic. 18, A, a-c) and structure (Fic. 18, B) but also in manner of 
operation (FIG. 18, C). The conidiophores are sturdy and tall 
like the fertile hyphae of Dactylella bembicodes, and like these, too, 
bear a single large obovoid conidium (Fic. 18, D). Division of 
the conidium into a small basal cell and a very much larger dista! 
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cell, and the envelopment of the distal cell in a hyaline mucous 
coating, provide the most distinctive characteristics of the species 
(Fic. 18, E, a, b). Though germination readily takes place when 
conidia are placed in water, generally being initiated by the produc- 
tion of a germ tube from the small basal cell (Fic. 18, E, c), efforts 
at isolating the fungus were defeated by early multiplication of 
bacteria commonly adhering to the gelatinous envelope. 

Because of the morphology of its conidial apparatus the species 
must be referred to Trichothecium despite the absence of any 
close kinship to T. roseum, the accepted and widely familiar type 
of that genus. Judging from the figures of Massee and Salmon 
(46), there would seem to be some likelihood, however, that it may 
be a relative of T. inaequale, whose occurrence on dung suggests 
the possibility of a predacious habit. From T. inaequale, as, in- 
deed, from all other forms collected in the genus, the present fun- 
gus differs in its more robust stature and greater dimensions 
throughout. It is accordingly described as a new species, under 
a name meaning “ with many nooses.” 


Trichothecium polybrochum sp. nov. 


Mycelium effusum; hyphis hyalinis, septatis, 2-4.5 crassis, laqueos cir- 
culares 22-30 latos in 3 cellulis arcuatis consistentis ex ramulo biloculari 
circa 10 longo, 4 crasso proferentibus; his laqueis vermiculos nematodeos 
illaqueantibus, deinde tum per contractionem inflationemque trium cellularum 
animalia magnopere comprimentibus, ita haec interficientibus, statim integu- 
mentum perforantibus et hyphas intus evolventibus quae carnem exhauriunt. 
Hyphae fertiles hyalinae, septatae, erectae, saepe 275-400 u altae, basi circa 
7 & crassae, sursum leviter fastigatae, apice circa 3“ crassae, unicum conidium 
ferentes. Conidia hyalina, late obovoidea, plerumque circa 354 longa, 244 
crassa, uniseptata, loculo inferiore obconico circa 6.5 # longo, loculo superiore 
multo majore, muco fere tecto, circa 28.5 u longo. 

Vermiculos nematodeos diversos vulgo usque .5 mm. longos capiens con- 
sumensque habitat in radicibus putrescentibus Spinaciae oleraceae prope Nor- 
folk, Virginia. 

Mycelium spreading; vegetative hyphae hyaline, septate, 2 to 
4.5 » wide, in the presence of nematodes producing underneath and 
at right angles to their axes approximately circular rings 22 to 30 
in outside diameter, composed individually of 3 arcuate cells, the 
first and third of which are united to one another and to the distal 
end of a frequently somewhat curved supporting branch about 
10 » long, 4 wide and composed usually of 2 cells whereof the 
proximal one is usually the shorter; following ensnarement of a 
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nematode, the individual ring, through contraction and inflation of 
its component arcuate cells constricting the animal to death, or 
into a state of reduced activity preceding death, then perforating 
the integument and giving rise to assimilative hyphae that extend 
lengthwise through the interior and appropriate the fleshy mate- 
rials. Conidiophores hyaline, septate, erect, 275 to 400m high, 
about 7 » wide at the base, tapering gradually upward to a diameter 
of about 3 at the tip, there bearing a single conidium. Conidia 
hyaline, broadly obovoid, mostly about 35 » long, 24 wide, di- 
vided by a single septum into a small obconical basal cell about 
6.5 w long, and a much larger distal cell, about 28.5 » long, which 
after falling off, if not before, is often enveloped in a hyaline 
layer of mucus 2 to 3 y» thick. 

Capturing and consuming nematodes usually up to .5 mm. in 
length, belonging to various species of Cephalobus, Plectus and 
Rhabditis, it occurs in decaying rootlets of Spinacia oleracea near 
Norfolk, Va. 


DACTYLELLA TENUIS 


In old nematode-infested agar plate cultures, following the addi- 
tion of leaf mold, a fungus occasionally develops, which, though 
presenting much the same general appearance as various members 
of the predacious series, has never been detected in a predacious 
relationship. Now and then branches from its delicate mycelium 
have been found parasitizing oOspores of Pythium Butleri or of 
P. ultimum Trow; but the parasitism seemed generally to be of 
an adventitious sort, and occurred mostly on a scale insufficient 
to account in any large measure for the growth of the mycelium 
present, scanty though this frequently was. The fungus, whether 
essentially of biogenous character or not, is presented here partly 
in order to forestall confusion with Dactylella asthenopaga, which 
it resembles rather closely in the stature of its fertile hyphae (Fic. 
18, F, G) as well as in the dimensions and septation of its conidia 
(Fic. 18, H, a-w). However, their usually rounded cylindrical 
shape distinguishes these conidia as conclusively from the obconical 
spores of D. asthenopaga as their division into segments of ap- 
proximately equal lengths distinguishes them from the unequally 
segmented conidia of Dactylaria brochopaga. In pure culture the 
fungus grows readily, producing a mycelium composed of hyphae 


appreciably narrower than those of any of the related forms known 
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to prey on nematodes. An epithet having reference to this delicate 
vegetative habit is deemed appropriate for the species, which ap- 
pears separate on the same grounds as DP. asthenopaga from the 
various fungi described as members of the genus Dactylella and of 
the apparently synonymous Monacrosporium. 


Dactylella tenuis sp. nov. 


Mycelium effusum; hyphis sterilibus hyalinis, ramosis, septatis, 1-2 4 
crassis; hyphis fertilibus hyalinis, erectis, septatis, 100-200 altis, basi 
2.54 crassis, sursum fastigatis, apice 1-1.5 crassis, unicum conidium 
ferentibus ; conidiis cylindratis, apice rotundatis, basin versus plus minusve 
attenuatis, 25-41 (saepe circa 30H) longis, 6.3-8.2m (saepe circa 7 #) 
crassis, 1-4-septatis, vulgo tribus septis in 4 loculos subaequales divisis. 

Oosporas Pythit Butleri et Pythii ultimi rarenter consumens habitat in 
humo silvestri prope Beltsville, Maryland et in Arlington, Virginia. 

Mycelium spreading; the vegetative hyphae hyaline, branching, 
septate, 1 to 2 » wide; conidiophores hyaline, erect, septate, 100 to 
200 pw high, 2.5 to 4 » wide at the base, tapering upward to a width 
of 1 to 1.5, bearing terminally a solitary conidium; conidia hya- 
line, cylindrical, rounded at the distal end, tapering somewhat to- 
ward the slightly protruded truncate base, 25 to 41 mu (average 
30) long, 6.3 to 8.2 (average 7») wide, containing 1 to 4 
cross-walls but most frequently divided by 3 cross-walls into 4 
segments not regularly or conspicuously differing in length. 

Occasionally parasitic on odspores of Pythium Butleri and P. 
ultimum, it occurs in leaf mold in deciduous woods near Beltsville, 


Md., and in Arlington, Va. 


DACTYLELLA RHOMBOSPORA Grove 


From the same decaying leaves and stems of Commelina longi- 
caulis that yielded cultures of Dactylaria polycephala was obtained 
also a fungus which like Dactylella tenuis must almost certainly 
be a member of the predacious series, yet has so far not revealed 
any predacious activity when planted in agar cultures well infested 
with nematodes as well as with various testaceous rhizopods and 
different species of Amoeba. Its effuse mycelium, nearly invisible 
in pure culture on maizemeal agar, consists of rather straight- 
forward septate branching hyphae, mostiy 2 to 3.5 wide, from 
which arise, usually somewhat sparsely, erect conidiophores (FIG. 
18, O, P) 125 to 250 high, 4 to 6 wide at the base, tapering 
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gradually upward to a width of 1.5 to 2 at the tip, on which is 
borne a single conidium. The conidia, sometimes clavate-fusoid 
(Fic. 18, Q, a), but much more frequently and more typically 
spindle-shaped with elongate symmetrically rhomboid profile (Fic. 
18, QO, b-n), measure 46 to 71 pw (average 60.3 w) in length and 
9.5 to 11.8, (average 10.6) in width. They contain from 5 to 
10 (average 7.7) septa, 8 cross-walls being present usually in a 
decided majority of spores in any random assortment. Though 
Grove’s (27) figures indicate perhaps a slightly greater conidial 
diameter, the fungus agrees well enough in general morphology 
with Dactylella rhombospora to justify referring it to that species 
at least provisionally. 


DIVISION OF FRUIT AND VEGETABLE CROPS AND DISEASES, 
BureEAvu oF PLANT INbDUSTRY, 
U. S. HorticuLtturat FIeLp STATION, 
BELTSVILLE, Mp. 
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EXPLANATION OF FIGURES 


Fig. 1. Arthrobotrys superba; drawn with the aid of a camera lucida at 
a uniform magnification; X 500 throughout. A, Portion of hypha with two 
small predacious systems: one, a, consisting of two anastomosing bails; the 
other, b, of five elements, whereof three have anastomosed and two are still 
in course of elongation. B, Portion of hypha with a moderately well de- 
veloped predacious network. C, Portion of mycelium with a specimen of 
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Rhabditis dolichura Schneider captured without hyphal involvement by ad- 
hesion on the external surface of the simple loop, from which, following per- 
foration of the integument, a bulbous outgrowth has been intruded into the 
animal to give rise to branching hyphae extending to the head; the posterior 
part of the animal being similarly occupied by hyphae extended from a 
second bulbous outgrowth intruded directly from the undifferentiated axial 
filament. D, Portion of mycelium with a moderately well developed pre- 
dacious network in which have been captured through both adhesion and in- 
volvement a specimen of R. dolichura; the nematode being occupied by 
hyphae arising from two bulbous outgrowths that were intruded by one of 
the elements in the network through perforations in the integument. E, A 
branched conidiophore bearing conidia at successive nodes. F, A simple 
conidiophore, showing conidia borne at 9 successive nodes, each node mark- 
ing the apex of a geniculation. G, H, J, Denuded conidiophores. J, a-s, 
Conidia, showing variations in size and shape; d, representing a somewhat 
rare 2-septate specimen; f and ¢, specimens of unusual length. 

Fig. 2. Arthrobotrys cladodes; drawn with the aid of a camera lucida at 
a uniform magnification; X 500 throughout. A, Portion of wide storage 
hypha from old maizemeal agar plate culture. B, C, Predacious networks 
of anastomosing hyphal bails. D, Network in which a specimen of Rhabditis 
dolichura has been captured by entanglement and adhesion, then invaded by 
hyphae from two bulbous bodies intruded by the fungus. FE, Network with a 
specimen of R. dolichura captured by adhesion on the external surface; the 
nematode having been invaded by assimilative hyphae from three globose 
bodies intruded by the fungus. F, Conidiophore with a conidial head on the 
main axis, and also on a lateral branch. G, Portion of hypha with two 
conidiophores, one bearing conidial heads on the axial termination, b, and 
the lateral branches a and c; the other, d, unbranched, and bearing a single, 
terminal head. H, Segment of mycelial hypha, showing origin close together 
of two denuded conidiophores. J, a-g, Tips of denuded conidiophores, show- 
ing distribution of sporiferous protuberances, as well as variations in size 
and shape. J, a-z, Conidia, showing variations in size and shape. 

Fig. 3. Arthrobotrys oligospora; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A-D, Portions of mycelium, 
each with a predacious network. E-G, Predacious reticula in each of which 
has been captured through adhesion and entanglement a specimen of Rhab- 
ditis dolichura; the nematodes are being invaded by filaments arising from 
bulbous structures intruded by the fungus, the numbers of such structures 
present in the captives being two, two and four respectively. H, Portion 
of superficial hypha whereon are borne a small network and a conidiophore 
with a terminal conidial head; from a nematode-infested culture. J, Portion 
of hypha bearing a conidiophore with two conidial clusters ; from a nematode- 
infested culture. J, Distal portion of denuded conidiophore showing ar- 
rangement of spore-bearing protuberances in four successive nodes. K, Dis- 
tal portion of denuded conidiophore showing variations in number and 
arrangement of protuberances in six successive nodes. L, Conidia showing 
variations in size, shape and septation: a, c, d, g, i, k, m, n, from nematode- 
infested culture; b, ¢, f, h, j, l, o-z, from pure culture on maizemeal agar, the 
2-septate condition represented in v and w being unusual. M, A germinating 
conidium, on the germ tube of which a small predacious loop has been 
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formed. N, Portion of hypha from old culture, with three chlamydospores, 
a,bandc. O, Portion of hypha from old culture with two chlamydospores, 
a and b. 

Fig. 4. Arthrobotrys conoides; drawn with the aid of a camera lucida at 
a uniform magnification; X 500 throughout. A, B, Portions of mycelium, 
each with a predacious network. C, A predacious network whereby has been 
captured mostly through adhesion a small larva probably referable to 
Acrobeloides biitschlii (De Man) Thorne; the animal is being invaded by 
hyphae from three globose bodies intruded by the fungus. D, A predacious 
loop in which has been captured by entanglement and adhesion a more 
mature nematode referable to A. biitschlii; the interior of the captive has 
been invaded by hyphae from the two globose bodies intruded by the fungus. 
E, Conidiophore with a single compact terminal head of conidia. F, Conid- 
iophore with three looser clusters of conidia; the lowermost cluster is much 
closer to the base than is usual for the species. G, Denuded conidiophore 
showing arrangement of conidiiferous protuberances on the somewhat 
coralloid fertile tip. H, Denuded conidiophore with three nodes, showing 
variations in number of sporiferous protuberances on each node, and in dis- 
tance between successive nodes; the lowermost node here, also, occurring at 
relatively short distance from base. J, a-s, Conidia, showing variations in 
dimensions and shape and in position of septum. J, Portion of a wide stor- 
age filament in an old culture. AK-O, Chlamydospores from a culture 20 
days old, showing variations in size and shape and in relationship to parent 
hypha. 

Fig. 5. Arthrobotrys musiformis; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Portion of mycelium 
bearing two simple predacious loops, a and b, and a small network, c. B, 
Portion of hypha with two loops, one, a, having caught no prey, the other, 
b, encircling a small nematode probably referable to Rhabditis dolichura, 
whose contents have been largely absorbed by the two hyphae extending from 
the bulbous part intruded soon after capture. C, Portion of hypha with 
two fused loops; on the ,outer surface of the proximal loop a somewhat 
larger nematode, Diploscapter coronatus (Cobb) Cobb, has been captured 
through adhesion, killed by intrusion of a bulbous outgrowth, and invaded 
by two assimilative filaments. D, Conidiophore and conidia. E, Two conid- 
iophores arising a short distance apart and from the same vegetative filament, 
one, a, showing 13 conidia attached in a well developed head, the other, 
b, denuded. F, Portion of hypha, showing two fused predacious loops, a, 
and a denuded conidiophore, b, whereon had been borne 15 conidia. G, H, J, 
Tips of denuded conidiophores, showing variations in length and arrange- 
ment of spore-bearing spurs. J, a-sz, Conidia, showing variations in dimen- 
sions, in shape, and in position of septum. K, Germinating conidium. L, 
Group of six conidia that have become fused through vegetative anastomosis 
of germ tubes. M-R, Chlamydospores produced on filaments submerged in 
the substratum, showing separation of wall into inner and outer layers, and 
variations in size, in shape and in relationship to mycelium. S, 7, Chlamydo- 
spores formed in conidia which had become fused to mycelial hyphae. 

Fic. 6. Arthrobotrys dactyloides; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Portion of hypha with 
a constricting ring turned flatways to show relationship of component cells. 
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B, Portion of hypha with two constricting rings, a and b, turned from normal 
position by animals infesting the culture. C, Portion of hypha with three 
constricting rings, a-c, in their normal positions, as viewed looking down 
into substratum. D, A captured specimen of Acrobeloides biitschlii killed 
through constriction of a predacious ring, from the swollen cells of which 
have been intruded globose bodies that have given rise to assimilative hyphae, 
each terminating in a bulbous enlargement. EF, A small specimen of A. 
biitschlii captured in two predacious rings, and killed through their con- 
striction; the swollen cells of the rings having thereupon penetrated the 
integument and extended through the fleshy interior a number of assimilative 
hyphae, each terminating in a bulbous enlargement. F, A conidiophore 
arising from a prostrate hypha and bearing seven conidia in a terminal head. 
G, A conidiophore bearing 13 conidia, a relatively large number, in a some- 
what compound head. H, Denuded conidiophore with a short branch 
whereon had been attached a number of conidia in an accessory head at 
some distance from the main terminal head. J, A conidiophore that after 
becoming denuded had declined to the substratum, and there become fused 
with germ tubes from three conidia. J, a-z, aa, bb, Conidia of the uniseptate 
dactyloid type usually produced by the fungus. K, Conidium that has 
germinated by the production of a small predacious ring. 

Fig. 7. Dactylella bembicodes; drawn with the aid of a camera lucida at 
a uniform magnification; X 500 throughout. A, Portion of hypha with two 
predacious rings, a and b, in normal position as viewed looking down into 
substratum. B-E, Portions of hypha, each bearing a predacious ring in ap- 
proximately normal position, as viewed looking down into substratum. F-H, 
Portions of hypha, each with a predacious ring turned from normal position 
by passing animals, showing variation in structure of predacious organs. 
I, A captured specimen of Plectus parvus Bastian evidently at point of death 
as result of constriction, previous to invasion of interior by the fungus. J, 
A specimen of P. parvus killed by constriction and partly invaded by hyphae 
arising from the swollen cells of the closed ring. K, A specimen of P. parvus 
constricted by two rings from each of which assimilative hyphae have been 
extended into the fleshy interior. L, A captured specimen of Rhabditis 
dolichura invaded throughout by hyphae arising from the swollen cells of 
the closed ring; the animal’s contents having been largely absorbed, the 
integument has begun to collapse by flattening out here and buckling there. 
M, A part of mycelial hypha with the basal portion of an old conidiophore, 
a, from which has arisen a young fertile hypha, b, that is expanding at the 
tip to form a conidium. N, A portion of vegetative hypha with a pre- 
dacious ring, a; also, arising from it, a conidiophore, b, bearing the mature 
terminal conidium, c, and a young secondary conidiophore, d. O, A portion 
of hypha with a mature denuded conidiophore. P, a-z, Conidia, showing 
variations in size, shape and septation. Q, A conidium giving rise to an 
erect conidiophore. R, A conidium germinating by the production of two 
germ tubes. 

Fig. 8. Dactylella ellipsospora; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A-G, Portions of mycelial 
hyphae, each bearing on stalks two predacious adhesive knobs, a and b. H, 
A portion of hypha with two predacious stalked knobs, a and b; on the knob, 








DRECHSLER: HyPHOMYCETES 547 


b, a small specimen of Plectus communis Biitschli has been captured through 
adhesion, its integument penetrated, and its fleshy interior invaded first by a 
bulbous mortiferous structure and then by a longitudinal assimilative fila- 
ment. J, Portion of mycelium with two predacious stalks, a and b; on b a 
larva of P. parvus has been captured through adhesion, its integument per- 
forated, and its fleshy interior invaded first by a mortiferous bulbous struc- 
ture. then by two longitudinal assimilative filaments. J, A portion of my- 
celium with five predacious adhesive knobs, a-e; three of the knobs, c-e, 
have participated in the capture of a nematode belonging probably to 
Cephalobus sp., each having penetrated the animal’s integument, then intruded 
a globose structure and assimilative filaments. K, A portion of mycelial 
hypha with four predacious knobs, a-d; on d a nematode of the same species 
as the one in J has been captured; after perforation of the integument and 
intrusion of a globose structure, three assimilative hyphae have been extended 
into the fleshy interior. L-R, Conidiophores arising from mycelial hyphae, 
or, as in L and Q, from basal portions of older conidiophores that have 
declined to the substratum; each bearing a single terminal conidium. S, a-z, 
Conidia, showing variations in size, shape and septation. 7, Conidium ger- 
minating by the production of two polar germ tubes. U, Conidium giving 
rise to an erect conidiophore. 

Fig. 9. Dactylella asthenopaga; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Portion of hypha fused 
with the germ tube from a conidium, and showing six stalked predacious 
knobs. B, Portion of mycelium with two stalked predacious knobs. C, 
Portion of mycelium with three predacious knobs, two being empty and 
collapsed, the other functional by having intruded into a captured specimen 
of Bunonema sp., a globose body from which two hyphae are growing into 
the fleshy interior. D, Portion of hypha with two predacious knobs, on one 
of which a specimen of Bunonema sp. has been captured; the animal, after 
being killed through intrusion of a globose body, having been invaded by 
assimilative hyphae. FE, Portion of hypha with two degenerated predacious 
knobs in addition to one en which a specimen of Bunonema sp. has been 
captured ; the nematode after being killed through the intrusion of a globose 
body having been invaded by an assimilative filament. FF, Two hyphae each 
bearing two predacious knobs that have collaborated in the capture of two 
specimens of Bunonema sp.; the animals, a and b, each having been paralyzed 
by the simultaneous intrusion of two globose bodies and then invaded further 
by assimilative hyphae arising therefrom. G, Hypha bearing two predacious 
knobs and a conidiophore with conidium. H-J, Conidiophores, each bearing 
a single conidium. K, Branched conidiophore bearing two conidia. L, 
Branched conidiophore bearing three conidia. M, a-s, Conidia showing var- 
iations in size, shape and septation. N, a-e, Conidia that have germinated 
by producing one or two stalked adhesive knobs. O, Conidium that has given 
rise at its distal end to two predacious knobs, at its proximal end to a vege- 
tative hypha; on one of the two predacious knobs is attached the depleted 
integument of a captured specimen of Bunonema sp.; on the vegetative 
hyphae are borne predacious knobs, only one of ‘which is shown. 

Fig. 10. Dactylella lysipaga; drawn with the aid of a camera lucida at 
a uniform magnification; X 500 throughout. A, A predacious ring. B, A 
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predacious ring and a knob arising from the same stalk. C, Two rings of 
separate origins, one, a, having fused distally with the distal cell of the other, 
b. D, Portion of hypha with two predacious rings. E, A predacious ring. 
F, A portion of mycelium with two stalked knobs, a and b, and a ring, c. 
G, A portion’ of mycelium with two stalked knobs, a and b; two reciprocally 
conjoined rings, c and d; c having fused with the distal cell of d, and d 
having fused with the proximal segment of c; and a discrete ring, ec. H, 
A predacious ring. J, J, Rings just previous to fusion of tip with proximal 
segment. K, Portion of mycelium with a collapsed knob, a; a normal knob, 
b; and a ring, c. L-N, Predacious rings, showing variations in size, shape 
and length of supporting stalk. O, Hypha growing out of caudal end of 
nematode, with four rings attached to it. P, Living specimen of Rhabditis 
dolichura encircled by eight predacious rings, as found two days after the 
transfer of large slabs from an agar plate culture of the fungus to an agar 
plate culture abundantly infested with nematodes; some of the rings have 
become loosened with incipient molting of the integument, and none yet 
appear to have penetrated into the animal. Q, Specimen of R. dolichura 
occupied by assimilative hyphae intruded from an encircling ring; the ring 
having subsequently given rise externally to five hyphae, a-e, of which two, 
c and d, bear predacious apparatus. , Conidiophore terminating in an im- 
mature conidium. S, Portion of mycelium with two conidiophores, a and b, 
arising close to one another. 7, Conidiophore bearing two conidia, one at 
the tip of the main axis, the other on a spur arising a short distance below 
the tip. U, A denuded branched conidiophore. V’, a-z, Conidia, showing 
variations in size, shape and septation. WW, Conidium germinating by pro- 
duction of two delicate conidiophores. X, Conidium that has given rise to a 
conidiophore with a secondary conidium. Y, Z, Conidia, each germinating 
vegetatively by production of two polar germ tubes. 

Fig. 11. Dactylella leptospora; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Two hyphae emerging 
from an opening in the integument of an invaded specimen of Rhabditis 
dolichura; showing two stages in the development of a predacious ring, a 
very early stage, a, and a somewhat later stage, b. B, Hypha with one ring, 
a, in process of development, and three completed rings, b, c, d. C, Two 
hyphae emerging from a break in the integument of an infected specimen of 
R. dolichura; on them are shown attached five completed rings, a-e. D-F, 
Predacious rings, showing variations in size and shape, and in length of sup- 
porting stalk. G, Specimen of R. dolichura encircled by ,seven rings, a-g, 
three of which, c, ¢, and f, have each perforated the integument and intruded 
a bursiform excrescence. H, Specimen of R. dolichura killed by the fungus, 
showing the animal’s body occupied by assimilative hyphae, five branches of 
which, a, b, d, e, and f, have broken through the integument to produce 
further predacious organs outside; such organs have been produced also 
on another hypha, c, which grew out of one of the encircling rings. /, 
Portion of hypha from pure culture, whereon have arisen three conidiophores, 
a, b and c, shown with conidia attached. J, Branched conidiophore with two 
conidia. K, Branched conidiophore denuded of its spores. L, A_ short, 
simple, denuded conidiophore. M, a-c, Conidia from pure culture, without 
any external development. N, a-k, Conidia from pure culture that have 
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given rise to predacious knobs. O, Two conidia from a pure culture, joined 
through vegetative fusion. P, Conidium from pure culture, that has given 
rise to three conidiophores, a, b, and c, each bearing a secondary conidium. 
Q, Conidium from a pure culture; it has given rise to an apical globose cell, 
to a simple conidiophore, a, bearing a single secondary conidium, and to a 
branched conidiophore, b, whereon are borne three secondary conidia. 
R, Conidium from pure culture; it has given rise laterally to a stalked 
globose cell, and to a somewhat tall conidiophore bearing a secondary 
conidium. S, a-h, Secondary conidia showing variations in size, shape and 
septation. 7, a-d, Conidia from nematode-infested agar plate culture, show- 
ing variations in size, shape and septation. 

Fig. 12. Dactylella gephyropaga; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Portion of hypha, show- 
ing seven adhesive columnar branches. 8, Portion of hypha with three 
columnar processes, two being joined by an arched connection, the other 
about to become similarly joined. C, Portion of mycelium with a connected 
series of hyphal meshes formed through the bridging over of nine adhesive 
processes spaced at fairly regular intervals; and showing, besides, two 
isolated arches of similar origin. D, Portion of hypha with a predacious 
network formed through the development of bridging connections between 
neighboring columnar processes; enmeshed in and adhering to the network 
is a specimen of Plectus communis, whose body is being invaded by hyphae 
arising from a globose protuberance intruded by the fungus immediately after 
perforation of the integument. EF, Portion of mycelium with a more ir- 
regular network and a specimen of Acrobeloides biitschlii captured through 
adhesion aad enmeshment, which is being occupied by assimilative hyphae 
from five separate globose bodies intruded by the fungus. F, A conidiophore 
terminating in a young conidium. G, A conidiophore at a somewhat later 
stage, the young conidium here being set off by a septum. H, A conidiophore 
at a still later stage, the young conidium being now divided by a single sep- 
tum. J, A conidiophore with a fully developed 4-septate conidium; a second- 
ary conidiophore is beginning to grow out of the basal cell. J, A denuded 
conidiophore of moderate stature,—taller specimens, more frequently pro- 
duced, not being shown for lack of space. K, a-w, Conidia, showing varia- 
tions in size, shape and septation. 

Fig. 13. Dactylaria brochopaga; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, An early stage in the de- 
velopment of a constricting ring. 2B, A portion of hypha in lateral aspect, 
showing four constricting rings, a-d, edgewise. C, Portion of hypha with 
two open constricting rings, a and b, turned sideways by passing animals, 
and a closed ring, c, likewise turned sideways ; showing cellular relationships 
in ring and in stalk. D, Portion of hypha with five closed rings, a-e, in four 
of which, a-d, specimens of Diploscapter coronatus (Cobb) Cobb have 
been captured; the other, e, having contracted apparently as the result of 
being lashed by the animals caught in b and c. E, Portion of hypha with a 
ring wherein a specimen of Acrobeloides biitschlii has been captured; the 
assimilative hyphae later extended through the ‘animal each terminating in 
an enlargement. /, Portion of superficial filament from which arise two 
conidiophores, a and b, bearing seven and six conidia respectively, in well 
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defined terminal heads. G, Portion of mycelium with a conidiophore bearing 
12 conidia—a greater number than is usual—in a well defined terminal head. 
H, A denuded conidiophore of ordinary stature. J, Portion of hypha bearing 
three unusually short denuded conidiophores, a-c, as found sometimes in pure 
cultures on maizemeal agar. J, Terminal portions of denuded conidiophores, 
a-e showing the closer and more characteristic arrangement of sporiferous 
protuberances in fertile hyphae developed in nematode-infested agar plate 
culture, as compared with the extended arrangement, f-j, revealed by fertile 
hyphae produced in pure culture on maizemeal agar. K, Conidia showing 
variations with respect to size, shape, and septation, in two strains,—a-m 
being from a strain with relatively small spores, n-s from a strain with 
larger spores. L, Conidium with a curving process that represents an early 
stage in the formation of a constricting ring. M-P, Conidia, each of which 
has germinated by giving rise to a predacious ring. 

Fig. 14. Dactylaria thaumasia; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Portion of hypha with 
four predacious bails compounded into a small network. £8, Portion of hypha 
with a more extensive network consisting of a dozen hyphal bails. C, Por- 
tion of hypha with a predacious network wherein has been ensnared a large 
specimen of Rhabditis sp.; through perforations in the animal’s integument 
have been intruded three bulbous protuberances, of which two are giving 
rise to assimilative hyphae. D, A conidiophore bearing fourteen conidia 
in a relatively loose, somewhat racemose head; the three septa in each 
conidium being arranged in the manner most typical of the species. E, A 
conidiophore arising from the same hypha as D, and bearing in more compact 
capitate arrangement 11 conidia similarly partitioned in the manner most 
typical of the species. F-J, Conidia less typical of the species with respect 
to shape and to number and distribution of cross-walls. K, Conidium ger- 
minating by production of two germ tubes, one from the apex, the other 
from a place adjacent to the base. L, Anastomosis of two germinating 
conidia. M-P, Apical parts of denuded conidiophores, showing variations 
in arrangement of the stubby sterigmata on the main axis or on lateral 
branches. Q-S, Chlamydospores, showing their structure as well as their 
relationship to the parent hypha. 

Fig. 15. Dactylaria candida; drawn with the aid of a camera lucida at 
a uniform magnification; X 500 throughout. A, Portions of hypha of vary- 
ing lengths—three short ones, a-c, each bearing a stalked predacious knob; 
a longer one, d, bearing two stalked knobs; another, ¢, still longer, bearing 
three such knobs. B, Portion of hypha with a predacious ring in an early 
stage of development. C, Portion of hypha with a stalked predacious ring 
in a later stage of development, shortly preceding fusion of the tip with 
the widened proximal cell. D-G, Portions of hyphae, each bearing a pre- 
dacious ring; showing variations in shape, size and cellular structure. H-J/, 
Portions of hypha on which stalked predacious knobs and predacious rings 
are borne in close proximity to one another. K, Portion of hypha bearing a 
stalked ring wherein has been ensnared and held a specimen of Plectus 
parvus. L, A large female specimen of Diploscapter coronatus that except 
for the sculptured egg within it, is occupied throughout by assimilative hyphae 
intruded from the ring encircling the animal near the head; as the four fila- 
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ments attached to the ring are manifestly all mycelial elements newly de- 
veloped from materials supplied by the assimilative hyphae, the predacious 
organ must have been pulled from its supporting stalk and been carried 
about until the animal succumbed to hyphal invasion. M, N, O, Conidio- 
phores bearing eight, five, and six conidia respectively. P-T, Denuded 
conidiophores showing differences in dimensions, septation, and attachment 
of the spore-bearing sterigmata. U, a-d, Terminal portions of conidiophores, 
showing variations in diameter and in arrangement of spore-bearing sterig- 
mata. V, a-s, W, a-p, Conidia showing variations in size, shape and septa- 
tion. X, A conidium germinating by the production of an erect aerial fila- 
ment, later to develop into a conidiophore. 

Fig. 16. Dactylaria polycephala; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A, Portion of hypha bear- 
ing a predacious network relatively small for the species. 8B, Portion of 
hypha with a somewhat more extensive predacious network. C, Portion of 
mycelium with an extensive network resulting from the union of two pre- 
dacious reticula that began development separately. D, E, Predacious net- 
works in each of which a specimen of Rhabditis dolichura has been captured ; 
following narrow perforation of the integument of each animal, a bulbous 
outgrowth was intruded, from which assimilative hyphae have grown length- 
wise through the fleshy interior. F, Portion of mycelium bearing a conidio- 
phore with successive conidial heads. G, Portion of mycelium with a de- 
nuded conidiophore, showing the distribution of sterigmatic warts on the 
slightly swollen sporiferous nodes. H, a-u, Conidia showing variations in 
size, shape, and septation. J, Conidium germinating normally by the pro- 
duction of two polar germ tubes. J, Four germinating conidia that have 
become united through vegetative anastomosis. 

Fig. 17. Triposporina aphanopaga; drawn with the aid of a camera lucida 
at a uniform magnification; X 500 throughout. A-E, Portions of mycelium, 
showing penetration of fungus into specimens of Plectus communis, intrusion 
of a slightly swollen body, and extension of assimilative hyphae lengthwise 
through the fleshy interior.‘ /, Portion of mycelium with two branches, 
a, that have invaded a specimen of P. communis, and a conidiophore bearing 
a conidium not only on its primary axis, b, but on a lateral branch, c, as well. 
G, A conidiophore with a conidium in early stage of development. H, A 
conidiophore with mature conidium; some distance from its base a branch 
or secondary conidiophore has begun to develop. J-O, Mature conidia in 
lateral view, showing variations in size, shape and septation. P, QO, R, 
Mature conidia as seen looking down on the distal surface; the 12 partitions 
delimiting 13 segments in P and Q are representative of full septation in 
the species. S, An early stage in the development of a conidium. 

Fig. 18. Drawn with the aid of a camera lucida at a uniform magnifica- 
tion; X 500 throughout, except in R, a. 

A-E, Trichothecium polybrochum: A, Portion of hypha with three con- 
stricting rings, a-c, viewed from above in positions in which they were pro- 
duced. 8B, A constricting ring turned sideways to show cellular structure 
of noose and stalk. C, Portion of mycelium with a predacious ring wherein 
a nematode has been captured and compressed to death. D, A conidiophore 
bearing a single conidium. E, Three fallen conidia, a-c, one, c, in early 
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stage of germination; showing the large upper cell of each enveloped in a 
layer of hyaline mucus. 

F-H, Dactylella tenuis: F, G, Portions of hypha from each of which arises 
a conidiophore bearing a single 3-septate conidium. H, a-u, Conidia showing 
variations in size, shape and septation. 

I-K, Arthrobotrys dactyloides: I, Portion of mycelium showing vegetative 
fusions with two inflated conidia, a and d, as well as with two digitate 
conidia, b and c. J, Portion of hypha fused vegetatively with a digitate 
uniseptate conidium, a, and with a swollen 2-septate conidium, b. K, a-p, 
Conidia from a culture infested with mites, showing varying degrees of in- 
flation as well as variations in number and position of the cross-walls. 

L, Dactylaria thaumasia. Conidia: a, with three partitions arranged in 
the manner most usual in the species; b-e, with two septa spaced as in many 
of the swollen conidia of Arthrobotrys dactyloides; f, with four cross-walls 
delimiting three small proximal cells, a large penultimate cell, and a small 
distal cell. 

M, Dactylella gephyropaga. Portion of mycelium with adhesive processes, 
on one of which a specimen of the testaceous rhizopod Trinema enchelys was 
captured ; an assimilative hypha then having been intruded at the unprotected 
mouth into the protoplasmic interior of the animal. 

N, Dactylella bembicodes. Portion of mycelium bearing a predacious ring 
in which a rotifer has been captured and constricted to death. 

O-Q, Dactylella rhombospora: O,* Portion of mycelium with an erect 
conidiophore bearing a single conidium. P, A relatively short, denuded 
conidiophore. Q, a-n, Conidia, showing variations in size, shape and septa- 
tion. 

R, A small ascomycete found developing in a maizemeal agar plate culture 
abundantly infested with nematodes and with Arthrobotrys superba: a, 
Median section of apothecium, X 10; b-d, asci, showing variations in shape 
and size as well as in arrangement of the 8 tear-shaped ascospores. 




















NOTES AND BRIEF ARTICLES 


The honorary degree of doctor of laws was conferred on Pro- 
fessor W. P. Fraser by the University of Saskatchewan at its 
May Convocation in recognition of his pioneer work on Canadian 
plant diseases, especially for his endeavours in the campaign 
against wheat rust, both as personal contributions and as the 
“respected leader . . . of a band of enthusiastic pupils and dis- 


’ 


ciples,” and, as the outstanding authority on the native Prairie 
flora. Professor Fraser has retired from active teaching after 
almost two decades of service, but will continue his association 


with the University, working mainly on his herbarium collections. 


MYCOLOGICAL SOCIETY OF AMERICA 


SUMMER Foray 


The Summer Foray will be held at Dartmouth College, Hanover, 
New Hampshire, August 26-28 inclusive. Doctor A. H. Chivers 
of the Biology Department of that institution will be in charge 
of local arrangements. He has arranged for the use of dormi- 
tory facilities on the canipus, for which a charge of $5.00 will be 
made for the three-day period, or at the rate of $2.00 per day for 
periods less than the full three days. Dining facilities either on 
or off the campus will be available. Headquarters will be in the 
Biology Building (Silsby Hall). Reservations for dormitory 
quarters should be made through the Office of the Bursar, Mr. 
Max Norton, Dartmouth College. For those who prefer different 
quarters the Hanover Inn has been recommended, but advance 
reservations should be made. Room rates are quoted at $3.50- 
$4.00 single (with bath) and $5.50-$6.00 double (with bath). It 
is hoped that eastern and New England mycologists will make a 
special effort to attend this gathering; all who are interested in 
Mycology, whether members of the Society or not, are urged to 


attend. 
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Funci Exsiccati Suecici, PRAESERTIM UPSALIENSES 


With the above title there is now in progress, under the editor- 
ship of Seth Lundell and J. A. Nannfeldt, a most outstanding 
series of fungi exsiccati. This project was inaugurated by the 
Elias Fries Committee formed in December 1933 for the purpose 
of issuing an exsiccatum of Swedish fungi, with particular ref- 
erence to those occurring in the region of Upsala where Elias 
Fries collected for so many years. The committee was composed 
of Prof. N. E. Svedelius, J. A. Nannfeldt, and other prominent 
Swedish botanists with the assistance of Mr. Seth Lundell. As 
would be expected the fungi included in the series have been to a 
considerable extent Hymenomycetes collected and named by Mr. 
Lundell, a specialist in the group and pupil of the late Lars Romell. 
Other groups including Discomycetes are the work of Dr. Nann- 
feldt. Eight fascicles of 50 numbers each have been issued to 
date and the exsiccatum is planned to include a total of at least 
509 numbers. It is being distributed through the Botanical Insti- 
tute of the University of Upsala to nine mycological herbaria in 
Europe and one in America. 

This series of fungi exsiccati deserves particular mention not 
only because of the historical region mycologically from which 
the specimens are taken, but because of the care with which the 
material has been collected, preserved and packeted. The indi- 
vidual specimens are ample in all cases, and have been packeted 
in double folders for complete protection. The Agaricaceae in- 
cluded have been prepared by a new process originated by Mr. 
Lundell which has done much to preserve colors and other diag- 
nostic characters in this group so difficult to handle as herbarium 
specimens. Altogether these specimens constitute a most unusual 
series, and one that will become of increasing interest and im- 
portance with the passing of the years——JoHNn A. STEVENSON. 


FLora AGARICINA DANICA 


The second volume of this Iconograph by the well known Dan- 
ish mycologist Jakob E. Lange has recently appeared. The work 
is being published under the auspices of the Society for the Ad- 
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vancement of Mycology in Denmark and the Danish Botanical 
Society. The first volume appeared in 1935. Although the au- 
thor has confined himself to the Agaricaceae of Denmark, his work 
is indispensable to critical students of the family in the United 
States and Canada. Many of the curious and unusual species 
which Dr. Lange has discovered are widely distributed and are 
to be found both in eastern North America and along the Pacific 
Coast. The work is outstanding because all the species recog- 
nized in the Danish flora are described and illustrated. An un- 
usually high degree of accuracy has been obtained in depicting and 
reproducing the natural colors and fine details in each species. 
There are keys to all the species and brief descriptions which 
emphasize the characters the author considers important. 

The first volume consists of the genera Amanita, Limaceila, 
Lepiota, Armillaria, Tricholoma and Clitocybe. The genus Ama- 
nita is divided into two subgenera, Eu-Amanita and Amanitopsis. 
Thirteen species are recognized. Limacella is represented by one 
species, L. lenticularis. The genus Lepiota is divided into three 
subgenera, Eu-Lepiota, Leucobolbitius and Cystoderma. Forty- 
three species are treated. In Armillaria four species are included. 
Tricholoma is divided into two subgenera, Eu-Tricholoma and 
Dermoloma. Sixty-one species are recognized, one of which is 
placed in Dermoloma. Clitocybe is divided into two subgenera, 
Eu-Clitocybe and Laccaria. Forty-eight species are recognized in 
the Danish flora. ; 

In the second volume are Collybia, Marasmius, Mycena, Om- 
phalia, Panus, Volvaria, Pluteus and Rhodophyllus. Collybia is 
divided into two subgenera, Mucidula with one species and Eu- 
Collybia with thirty-one. Marasmius is divided into Eu-Maras- 
mius with twenty-one species and Crinipellis with one. Mycena is 
divided into Eu-Mycena with fifty-seven species and Mycenella 
with two. Omphalia is represented by thirty-four species, Pleu- 
rotus with twenty, Panus with three, Volvaria with eight and 
Pluteus with sixteen species. The genus Rhodophyllus is divided 
into five subgenera, Entoloma with eighteen species, Leptonia with 
eight, Nolanea with twelve, Eccilia with eight and Claudopus with 


one species. 
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The taxonomic treatment is conservative and most of the older 
generic names are retained. This adds greatly to the general 
usefulness of the work. The treatment of the old genera Ento- 
loma, Nolanea, Leptonia, Eccilia and Claudopus as a single genus 
Rhodophyllus will doubtless meet with certain objections, but does 
have much to recommend it from a practical standpoint. The ar- 
rangement of the species in Eu-Mycena is highly artificial. 

The nomenclature is not strictly in accordance with the present 
accepted international code, and certain of the names used are 
not tenable under any code. Mycena pseudogalericulata Lange, 
1914, is untenable because of the existence of Mycena pseudo- 
galericulata Pat. 1897. Since Maire has given Lange’s species 
the name Mycena Jacobi (1930), it is rather unfortunate that the 
latter name was not used in Lange’s latest work. Because of the 
confusion which exists in the recognition of species in the Agari- 
caceae it is not surprising to find certain species concepts in Lange’s 
work over which there is a difference of opinion. Mvycena plicosa 


var. marginata Lange for instance is a distinct species for which 
the oldest valid name is apparently Mycena capillaripes Peck. 
Mycena pinetorum Lange is identical with the robust form of 


Mycena latifolia Peck. Certain inconsistencies are also to be 
noted: Mycena fellea Lange is arranged in the subgroup Exsuccae 
between Mycena iris and Mycena alcalina and the suggestion is 
made that Mycena cholea Smith is hardly specifically distinct. M. 
cholea possesses a milky juice similar to that of Mycena galopoda 
and cannot therefore be correctly arranged in a section of non- 
latex producing species—where Lange places his M. fellea. The 
comments under the description of Mycena sepia Lange are also 
misleading, since the most recent study of Peck’s species, Mycena 
atroalboides, has shown that the latter has cystidia of the echinulate- 
roughened type. Such errors as these are practically inevitable in 
a group where little authentic material exists and the literature is 
widely scattered. They do not detract materially from the value 
of the work as a whole. There is little doubt that Lange’s Agari- 
cina Danica will always remain one of the outstanding contribu- 
tions to Agaricology —ALEXANDER H. SMITH. 





